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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE, THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


The primary purpose of this standard is to establish minimum electromechanical require- 
ments. This limitation in scope is one of charter as opposed to interest and concern. Energy 
conservation is of concern and has become increasingly important in all aspects of equip- 
ment design, application, and operation. Thus, innovative energy-conserving approaches 
should be aggressively pursued by the manufacturer and the user during these steps. Alter- 
native approaches that may result in improved energy utilization should be thoroughly in- 
vestigated and brought forth. This is especially true of new equipment proposals, since the 
evaluation of purchase options will be based increasingly on total life costs as opposed to 
acquisition cost alone. Equipment manufacturers, in particular, are encouraged to suggest 
alternatives to those specified when such approaches achieve improved energy effective- 
ness and reduced total life costs without sacrifice of safety or reliability. 

This standard requires the purchaser to specify certain details and features. Although it 
is recognized that the purchaser may desire to modify, delete, or amplify sections of this 
standard, it is strongly recommended that such modifications, deletions, and amplifications 
be made by supplementing this standard, rather than by rewriting or incorporating sections 
thereof into another complete standard. 

API standards are published as an aid to procurement of standardized equipment and ma- 
terials. These standards are not intended to inhibit purchasers or producers from purchasing 
or producing products made to specifications other than those of API. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Manufac- 
turing, Distribution and Marketing Department, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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Shaft Sealing Systems for Centrifugal and Rotary Pumps 


SECTION 1—GENERAL 


1.1 


1.1.1 This standard covers the minimum requirements for 
sealing systems for centrifugal and rotary pumps with seal 
sizes from 30 millimeters to 120 millimeters (1.5 to 4.5 
inches). It is not practical to address all sealing requirements 
for petroleum applications in this standard. Therefore, the 
applications outside the range of -40°C to 260°C (40°F to 
500°F) and 0 bar to 34.5 bar (0 psia to 515 psia) or which in- 
volve fluids not included in Appendix B, may require engi- 
neering and seal selection other than those provided in this 
standard. 


Scope 


1.1.2 This standard is a stand alone seal standard which 
can be referenced by the current edition of API 610 or API 
676 for new machines and can also be used to retrofit exist- 
ing machines. 

NOTE: A round bullet (@) at the beginning of a paragraph indicates that 
either a decision is required or further information is to be provided by the 
purchaser. This information should be indicated on the data sheets 


(Appendix A), otherwise it should be stated in the quotation request or the 
purchase order. 


1.1.3 This standard is designed to default to the equipment 
types most commonly supplied that have a high probability 
of meeting the objective of at least three years of uninter- 
rupted service while complying with emission regulations. 
Where standard options exist they are equivalent and accept- 
able. The standard (default) and standard options provide a 
sealing system that facilitates reliability, maintainability, and 
standardization. It also provides a standard seal design that 
has been tested and qualified under the service conditions 
under which it is intended to operate. The standard encour- 
ages evolving technology through qualification testing, data 
sheet input, and for engineered seals. 


1.1.4 When seal spare parts are purchased from a seal 
manufacturer they will be subject to the same requirements 
that apply to new parts as referenced by this standard. 


1.2 Alternative Designs 


The manufacturer may offer alternative designs. Equiva- 
lent customary dimensions, fasteners, and materials may be 
substituted as mutually agreed on by the purchaser and the 
manufacturer. This standard is not intended to impede tech- 
nological advances in state-of-the-art sealing technology. 
The purchasers and manufacturers are encouraged to contin- 
ually review new concepts and designs. 
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1.3. Conflicting Requirements 


In case of conflict between the Standard and the inquiry or 
order, the information included in the order shall govern, 


1.4 Definition of Terms 


1.4.1. Anti-rotation device—A device such as a key or pin, 
used to prevent rotation of one component relative to an ad- 
jacent component in a seal assembly. 


1.4.2 Balanced seal—A mechanical seal arrangement 
whereby the effect of the hydraulic pressure in the seal 
chamber, on the seal face closing forces, has been modified 
through seal design. As used in this standard, the seal bal- 
ance ratio is less than 1. 


1.4.3 Barrier fluid—A fluid which is introduced between 
dual mechanical seals to completely isolate the pump pro- 
cess liquid from the environment. Pressure of the barrier 
fluid is always higher than the process pressure being sealed. 


1.4.4 Bellows seal (metal)—A type of mechanical seal 
which uses a flexible metal bellows to provide secondary 
sealing and spring-type loading. 


1.4.5 Buffer fluid—A fluid used as a lubricant or buffer 
between dual mechanical seals. The fluid is always at a pres- 
sure lower than the pump process pressure being sealed. 


1.4.6 Cartridge seal—A completely self-contained unit 
(including seal, gland, sleeve, and mating ring), which is 
pre-assembled and preset before installation. 


1.4.7 Drill through—The passageway from the gland con- 
nection to the seal chamber. 


1.4.8 Drive collar—The part of a cartridge seal that 
mechanically connects the sleeve to the shaft to transmit ro- 
tation and prevent axial movement of the sleeve relative to 
the shaft. 


1.4.9 Dual mechanical seal—A seal arrangement using 
more than one seal in the same seal chamber in any orienta- 
tion which can utilize either a pressurized barrier fluid or a 
non-pressurized buffer fluid. (Previously referred to as a 
double or tandem seal) 


1.4.10 Flashing—A rapid change in fluid state, from liquid 
to gaseous. In a dynamic seal, this can occur when frictional 
energy is added to the fluid as the latter passes between the 
primary sealing faces, or when fluid pressure is reduced be- 
low the fluid’s vapor pressure because of a pressure drop 
across the sealing faces. The definition of flashing for this 
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document means that the vapor pressure is greater than | bar 
(14.5 psia) at pumping temperature. 


1.4.11 Flashing hydrocarbon service—Any service that 
requires vapor suppression by cooling or pressurization to 
prevent flashing. This category includes all hydrocarbon ser- 
vices where the fluid has a vapor pressure greater than 1 bar 
(14.5 psia) at pumping temperature. 


1.4.12 Flexible graphite—aA pure carbon graphite mate- 
rial used for static gaskets in mechanical seal design, both for 
cryogenic and hot service. 


1.4.13 Fluoroelastomer—A type of O-ring material com- 
monly used in mechanical seals, such as Viton. 


1.4.14 Flush—aA small amount of fluid which is intro- 
duced into the seal chamber on the process fluid side in close 
proximity to the sealing faces and usually used for cooling 
and lubricating the seal faces. 


1.4.15 Fretting—aA combination of corrosion and wear. In 
a mechanical seal, a common example of fretting occurs 
when the rubbing motion of a secondary seal continually 
wipes the oxide coating from a shaft or sleeve. 


1.4.16 Gland plate—An end plate which connects the sta- 
tionary assembly of a mechanical seal to the seal chamber. 


1.4.17 Hook sleeve—A cylindrical sleeve with a step or 
hook at the product end placed over the shaft to protect if 
from wear and corrosion. This step is usually abutted against 
the impeller to hold in place with a gasket between the shaft 
and the step (hook). 


1.4.18 inside mounted seal—No parts of the seal’s flexi- 
ble element or stationary faces are outside the gland. 


1.4.19 Internal circulating device—A device located in 
the seal chamber to circulate seal chamber fluid through a 
cooler or barrier/buffer fluid reservoir. Usually referred to as 
a pumping ring. 


1.4.20 Leakage rate—The volume of fluid (compressible 
or incompressible) passing through a seal in a given length 
of time. For compressible fluids, leakage rate is normally ex- 
pressed in standard cubic feet per minute (SCFM), and for 
incompressible fluids, in terms of cubic centimeters per minute. 


1.4.21. Leakage concentration—A measure of the concen- 
tration of a volatile organic compound (VOC) or other reg- 
ulated emission in the environment immediately surrounding 
the seal, not a VOC leakage rate. Usually measured as parts 
per million (PPM) with a calibrated analyzer. (See 1.4.54) 


1.4.22 Mating ring—A disk- or ring-shaped member, 
mounted either on a shaft sleeve or in a housing, which pro- 
vides the primary seal when in proximity to the face of an 
axially adjustable face seal assembly. 


1.4.23 Maximum allowable working pressure (MAWP )— 
The greatest discharge pressure at the specified pumping 
temperature for which the pump casing is designed. 


1.4.24 Maximum dynamic sealing pressure (MDSP )— 
The highest pressure expected at the seal (or seals) during 
any specified operating condition and during start-up and 
shutdown. In determining this pressure, consideration should 
be given to the maximum suction pressure, the flush pres- 
sure, and the effect of clearance changes with the pump. 


1.4.25 Maximum static sealing pressure (MSSP)-——The 
highest pressure, excluding pressures encountered during 
hydrostatic testing, to which the seal (or seals) can be sub- 
jected while the pump is shut down. 


1.4.26 Non-flashing—A fluid state that does not change 
to a vapor phase at any operating condition or operating 
temperature. 


1.4.27 Non-flashing hydrocarbon service—This category 
includes all hydrocarbon services that are predominately all 
hydrogen and carbon atoms; however, other non-hydrocarbon 
constituents may be entrained in the stream. A product in this 
category does not require vapor suppression to prevent trans- 
formation from a liquid phase to a vapor phase. The defini- 
tion of non-flashing for this document means that the vapor 
pressure is less than 1 bar (14.5 psia) at pumping temperature. 


1.4.28 Non-hydrocarbon service—This service category 
includes all services that can not be defined as containing all 
hydrogen and carbon molecules. However, some hydrocar- 
bons may be entrained in the fluids. Included in this category 
are boiler feed water (and other water services), sour water, 
caustics, acids, amines and other various chemicals com- 
monly used in refinery services. 


1.4.29 Non-pusher type seal—A mechanical seal (usually 
metal bellows) in which the secondary seal is fixed to the 
shaft. 


1.4.30 Observed test—A product test which will be ob- 
served at the purchaser’s discretion. The manufacturer must 
give the purchaser five working days’ notice of the test. An 
observed test does not constitute a manufacturing hold point. 


1.4.31 O-ring—An elastomeric sealing ring with an 
O-shaped (circular) cross-section, which may be used as a 
secondary seal or as a gasket. 


1.4.32 Orifice nipple—A pipe nipple made of solid bar 
stock with an orifice hole drilled through it to regulate the 
flush flow commonly found on Plan 11 systems. The nipple 
should be welded to the discharge casing. 


1.4.33  Perfluoroelastomer—High temperature, chemical 
resistant O-ring material such as Kalrez or Chemraz. This 
material requires a wider O-ring groove than standard O-ring 
materials. 
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1.4.34 Pump manufacturer—Refers to the agency that de- 
signs, manufactures, tests, and provides service support for 
the equipment. The pump manufacturer may purchase the 
sealing system and perform the installation. 


1.4.35 Pressure casing—tis the composite of all the sta- 
tionary pressure containing parts of the seal, including seal 
chamber, seal gland, and barrier/buffer fluid chamber (con- 
tainer) and other attached parts, but excluding the stationary 
and rotating members of the mechanical seal. 


1.4.36 Purchaser—Refers to the agency issuing the pur- 
chase specifications to the manufacturer. 


1.4.37 Pusher type seal—A mechanical sea) in which the 
secondary seal is mechanically pushed along the shaft or 
sleeve to compensate for face wear. 


1.4.38 Quench—A neutral fluid, usually water or steam, 
introduced on the atmospheric side of the seal to retard for- 
mation of solids that may interfere with seal movement. 


1.4.39 Seal balance ratio—The ratio, sometimes ex- 
pressed as a percentage, of seal face area exposed to closing 
force by hydraulic pressure in the seal chamber, to the total 
sealing face area. (See Figure 1.) 


1.4.39.1 For seals pressurized at the outside diameter the 
balance ratio is defined by the simplified equation: 

OD? — BD? 

OD? - 1D? 


Where: 


OD = seal face outside diameter. 
ID = seal face inner diameter. 
BD = balance diameter of the seal. 


TAOS ie 


PL IVEAAD 
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Note: BD = balance diameter of the seal. 
ID = seal face inner diameter. 
OD = seal face outer diameter. 


1.4.39.2 For seals pressurized at the inner diameter, the 
balance ratio is defined by the equation: 


BD?— ID? 
OD?- ID? 


Where: 


OD = seal face outside diameter. 
ID = seal face inner diameter. 

BD = balance diameter of the seal. 
NOTE: Balance diameter varies with seal design, but for spring pusher seals 
under outer diameter pressure, it is normally the diameter of the sliding con- 
tact surface of the inner diameter of the dynamic o-ring. For spring pusher 
seals under inner diameter pressure, it is normally the diameter of the sliding 
contact surface of the outer diameter of the dynamic o-ring. For welded 


metal bellows type seals, the balance diameter is normally the mean diam- 
eter of the bellows, but this can vary with pressure. 


1.4.40 Seal chamber—A component, either integral with 
or separate from the pump case (housing), that forms the re- 
gion between the shaft and casing into which the shaft seal is 
installed. 


1.4.41 Seal face width—The radial dimension of the seal- 
ing face measured from the inside edge to the outside edge. 


1.4.42 Seal manufacturer—Refers to the agency that de- 
signs, manufactures, tests, and provides service support for 
the sealing system. 


1.4.43 Seal ring—The seal face that contacts the mating 
ring. It is flexibly mounted using springs or bellows. 


1.4.44 Secondary seal—A device, such as an O-ring or 
bellows, that allows axial movement of the seal face with- 
out undue leakage. The term is sometimes applied to the 
other O-rings or gaskets which prevent leakage around seal 
components. 


Figure 1—Balance Ratio Measurement Points 
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1.4.45 Service condition—The maximum/minimum tem- 
perature and pressure under static or dynamic condition. 


1.4.46 Shaft sleeve—A cylindrical sleeve placed over the 
shaft to protect it from wear and corrosion. 


1.4.47 Slotted seal gland plate—A gland plate with slots 
instead of holes for the mounting studs. 


1.4.48 = Throat bushing—A device that forms a restrictive 
close clearance around the sleeve (or shaft) between the seal 
and the impeller. 


1.4.49 Throttle bushing—aA device that forms a restrictive 
close clearance around the sleeve (or shaft) at the outboard 
end of a mechanical seal gland. 


1.4.50 Total indicated runout (TIR )}—A\so known as total 
indicator reading, is the runout of a diameter or face deter- 
mined by measurement with a dial indicator. The indicator 
reading implies an out-of-squareness or an eccentricity equal 
to half the reading. TIR is measured by securing a dial indi- 
cator to either the stationary or rotating component, setting 
the dial indicator to zero, and then rotating either component. 


1.4.51. Unbalanced seal—A mechanical seal in which the 
balance ratio is equal to or greater than 1. 


1.4.52 Vent—The act of eliminating gas or vapor from the 
seal chamber. This is normally accomplished through a 
gland connection, such as the flush connection. 


1.4.53 Volatile hazardous air pollutants (VHAP )—Any 
compound as defined by Title I, Part A, Section 112 of the 
National Emission Standards for Hazardous Air Pollutants 
(Clean Air Act Amendment). 


1.4.54 Volatile Organic Compound (VOC )—Term used 
by various environmental agencies to designate regulated 
compounds. Emissions are measured as PPM with a cali- 
brated analyzer. 


1.4.55 Witness test—A product test which constitutes a 
manufacturing hold point. The manufacturer must give the 
purchaser five working days’ notice of the test. Production 
may not proceed without customer approval. 


1.5 Referenced Publications 


1.5.1 The editions of the following standards, codes, and 
specifications that are in effect at the time of publications of 
this standard shall, to the extent specified herein, form a part 
of this standard. The applicability of changes in standards, 
codes, and specifications that occur after the inquiry shall be 
mutually agreed upon by the purchaser and vendor. 
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1.5.2 The standards, codes, and specifications of the 
American Iron and Steel Institute (AISI'), as well as the 
Hydraulic Institute Standards (Centrifugal Pump Section’), 
also form a part of this standard. 


1.5.3 The following standards, codes, and specifications 
are cited in this standard: 


ANSP? 
B1.1 Unified Inch Screw Threads (UN and 
UNR Thread Form) 
B16.11 Forged Steel Fittings, Socket-Welding 
and Threaded 
B16.5 Pipe Flanges and Flanged Fittings, 
Steel Nickel Alloy and Other Special 
Alloys 
API 
RP 750 Management of Process Hazards 
Std610 Centrifugal Pumps for Refinery 
Service 
Std 614 Lubrication, Shaft-Sealing, and Con- 
trol-Oil Systems for Special-Purpose 
Applications 
Std 676 Positive Displacement Pumps—Rotary 
ASME? 
B31.3. Chemical Plant and Petroleum Refin- 
ery Piping 
PTC 8.2-1965 Centrifugal Pumps (With 1973 Adden- 
dum) 
PTC19.1-1985 9 Instruments and Apparatus: Part 1, 


Measurement Uncertainty 
Instruments and Apparatus: Part 2, 
Pressure Measurement 

Temperature Measurement 


PTC19.2-1987 


PTC19.3-1974 
(R1986) 
PTC19.5-1972 Application, Part I] of Fluid Meters: 


Interim Supplement on Instruments 


and Apparatus 
PTC19.5-1964 Weighting Scales 
PTC19.6-1955 Part 6, Electrical Measurements in 


Power Circuits 

PTC19.7-1980 Measurement of Shaft Power 
(R1988) 
PTC19.8-1970 
(R1985) 


PTC19. 10-1981 


Measurement of Indicated Power 


Part 10, Flue and Exhaust Gas 
Analyses 


‘American Iron and Steel Institute, 1000 16th Street, N.W., Washington 
D.C. 20036. 

*Hydraulic Institute, 712 Lakewood Center North, Cleveland, Ohio 44107. 
3American National Standards Institute, 11 West 42nd Street, New York, 
New York 10036. 

“American Society of Mechanical Engineers, 345 East 47th Street, New 
York, New York 10017. 
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PTC19.11-1970 


PTC19,12-1958 
PTC19,13-1961 
PTC19.14-1958 
PTC19.16-1965 


PTC19.17-1965 
PTC19.22-1986 


PTC19.23-1980 
(R1985) 
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Water and Steam in the Power Cycle 
(Purity and Quality, Leak Detection 
and Measurement) 

Measurement of Time 

Measurement of Rotary Speed 

Linear Measurements 

Density Determinations of Solids and 
Liquids 

Determination of the Viscosity of 
Liquids 

Digital Systems Techniques 

Part 23, Guidance Manual for Model 
Testing 


Boiler and Pressure Vessel Code, Section V, “Nondestruc- 


ASTM® 
A 53 


A 105 


A 106 


A 120 


A153 


A 181 


A 182 


A 193 


A 194 


A 197 
A216 


A217 


tive Examination”; Section VIII, 
“Rules for Construction of Pressure 
Vessels”; and Section IX, “Welding 
and Brazing Qualifications” 


Zinc-Coated Welded and Seamless 
Black and Hot-Dipped Steel Pipe 
Carbon Steel Forgings for Piping 
Components 

Seamless Carbon Steel Pipe for High 
Temperature Service 

Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless 
Steel Pipe for Ordinary Uses 

Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware 

Carbon Steel Forgings for General 
Purpose Piping 

Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves 
and Parts for High-Temperature 
Service 

Alloy-Steel and Stainless Steel Bolt- 
ing Materials for High-Temperature 
Service 

Carbon and Alloy Steel Nuts for Bolts 
for High-Pressure and High-Tempera- 
ture Service 

Cupola Malleable Iron 

Carbon-Steel Castings Suitable for 
Fusion Welding for High-Temperature 
Service 

Martensitic Stainless and Alloy Steel 
Castings for Pressure-Containing 
Parts Suitable for High Temperature 
Service 


5American Society for Testing and Materials, 1916 Race Street, Philadel- 
phia, Pennsylvania 19103. 
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A 269 


A 276 


A 312 


A 338 


A351 
A 436 
A 439 
A 494 
A 524 


A 564 


A576 


A 744 


A747 


B 127 


B 164 


B 473 


B 564 


B 574 


B 575 


B 637 


B 670 


D 1418 


Seamless and Welded Austenitic Stain- 
less Steel Tubing for General Service 
Stainless and Heat-Resisting Steel 
Bars and Shapes 

Seamless and Welded Austenitic Stain- 
less Steel Pipe 

Malleable Iron Flanges, Pipe Fittings, 
and Valve Parts for Railroad, Marine, 
and Other Heavy Duty Service at Tem- 
peratures up to 6500°F (345°C) 
Austenitic Steel Castings for High- 
Temperature Service 

Austenitic Gray Iron Castings 
Austenitic Ductile Iron Castings 
Nickel and Nickel Alloy Castings 
Seamless Carbon Steel Pipe for Atmos- 
pheric and Lower Temperatures 
Hot-Rolled and Cold-Finished Age- 
Hardening Stainless and Heat-Resist- 
ing Steel Bars, Wire, and Shapes 
Special Quality Hot-Wrought Carbon 
Steel Bars 

Iron-Chromium-Nickel and Nickel- 
Base Corrosion Resistant Castings for 
Severe Service 

Precipitation Hardening Stainless 
Steel Castings 

Specification for Nickel-Copper Alloy 
(UNS N04400) Plate Sheet and Strip 
Specification for Nickel-Copper Alloy 
Rod, Bar, and Wire 
Chromium-Nickel-Iron-Molybdenum- 
Copper-Columbium Stabilized Alloy 
(UNS N08020) Bar and Wire 
Specification for Nickel Alloy Forgings 
Specification for Low-Carbon Nickel- 
Molybdenum-Chromium and Lew- 
Carbon Nickel-Chromium-Molybdenum 
Alloy Rod 

Specification for Low-Carbon Nickel- 
Molybdenum-Chromium and Low- 
Carbon Nickel-Chromium-Molybdenum 
Alloy Plate, Sheet and Strip 
Specification for Precipitation Harden- 
ing Nickel Alloy Bars, Forgings, and 
Forging Stock for High-Temperature 
Service 

Specification for Precipitation-Hard- 
ening Nickel Alloy (UNS N07718) 
Plate, Sheet, and Strip for High-Tem- 
perature Service 

Practice for Rubber and Rubber Lat- 
tices-Nomenclature 
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E94 Guides for Radiographic Testing NFPA? 
E125 Reference Photographs for Magnetic 70 National Electrical Code 
Particle Indications on Ferrous Castings 
E142 Method for Controlling Quality of VHAP?® 
Radiographic Testing National Emission Standards for Hazardous Air Pollutants 
E709 Practice for Magnetic Particle Exami- 
nation 
OSHA’? 
AWS® Occupational Safety and Health Standards (29 Code of 
D1.1 0 Structural Welding Code—sSteel Federal Regulations Section 1910) 
ISO’ 
3448 = Standard Industrial Liquid Lubricants- STLE! 
ISO Viscosity Classification SP-1 Seal Term Glossary, Revised 4-83 
SECTION 2—SEAL DESIGN 
2.1 Standard Seal Types and stationary bellows configuration, Type C, is chosen as standard because of 
‘. A t its advantage when the gland and shaft lose their perpendicular alignment. 
rrangemen s In this arrangement the bellows can deflect to a fixed position to match the 
; rotating face. In a rotating arrangement, Type B, the bellows would have to 
2.1.1 All standard mechanical seals, regardless of type or flex and change positions once per shaft revolution to accommodate the 


arrangement, shall be of the cartridge design. For this docu- 
ment, a cartridge design consists of a mechanical seal unit, 
including sleeve, gland, primary seals, and secondary seals, 
that can be te .ed as a unit and installed as a unit. Hook 
sleeve cartridge units are not considered to be a cartridge 
seal for this document. 


2.1.2 The standard single arrangement 1 (one rotating face 
per seal chamber) pusher seal shall be an inside-mounted, 
balanced-cartridge mechanical seal. The flexible element of 
the standard pusher seal rotates. This seal is specified as a 
Type A seal in Appendix B. Stationary flexible element seals 
are a data sheet selection. (See Figures 2 and 3.) 


COMMENT: The rotating flexible element was selected as the standard for 
pusher seals because it allows application of a smaller seal. 


2.1.3 When specified, the standard option shall be a 
single, low-temperature (arrangement 1), non-pusher, inside- 
mounted, cartridge mechanical seal. The flexible element of 
the standard low-temperature bellows seal rotates. This seal 
is specified as a Type B seal in Appendix B. Stationary seals 
are a data sheet selection. (See Figure 4.) 


2.1.4 ‘The standard single, high-temperature, non-pusher 
seal shall be an inside-mounted, metal-bellows, cartridge- 
mounted mechanical seal. The flexible element (bellows) of 
the standard, non-pusher seal is stationary. This seal is spec- 
ified as a Type C seal in Appendix B. Rotating non-pusher 
seals are a data sheet selection. (See Figure 5.) 


COMMENT: Bellows seals are inherently balanced. Stationary metal bel- 
lows seals are the primary selections for high temperature services. The 


*American Welding Society, 550 N. W. LeJeune Road, P.O. Box 351040, 
Miami, Florida 33135. 

7International Organization for Standardization. ISO publications are avail- 
able from ANSI. 


runout of the stationary face. 

The user should note that rotating bellows seals often have a tendency to 
vibrate and are, therefore, equipped with dampening tabs or other devices to 
control vibration. Stationary bellows seals largely avoid this issue. 

Metal bellows seals offer the advantage of having only static secondary 
seals. This allows their application in high-temperature services where suit- 
able elastomers are not available for O-rings and also as an alternate in other 
services where chemical resistance of O-ring materials is an issue. 


2.1.5 The standard, unpressurized dual, (arrangement 2) 
mechanical seal shall be an inside, balanced, cartridge- 
mounted mechanical seal (with two rotating flexible ele- 
ments and two mating rings in series). Stationary flexible 
elements are a data sheet selection. (See Figure 6.) 

The inner seals of arrangement 2 mechanical seals shall be 
designed with a positive means of retaining the sealing com- 
ponents and sufficient closing force to prevent the faces 
opening to a pressurization of the buffer fluid to 2.75 bar (40 
psig). Outer seals shall be designed to the same operating 
pressure as the inner seal, but do not have to be balanced. 


COMMENT: The buffer fluid pressure is normally less than the pressure be- 
ing sealed against. However, the outer seal chamber may be connected 
through an orifice to a vapor recovery system, in which case it will operate 
at the pressure of the system to which it is vented. It is unusual for a vapor 
recovery system to reach 2.75 bar (40 psig) even under upset conditions. 

Cooling for the inboard seal is achieved by a seal flush. Cooling for the 
outboard seal is accomplished by a circulating device moving a buffer fluid 
through an external seal flush system. 


8National Fire Protection Association, 1 Batterymarch Park, Quincy, Mas- 
sachusetts 02269. 

*National Emission Standards for Hazardous Air Pollutants, Title I, Part A, 
Section 112. The National Emission Standards for Hazardous Aur Pollu- 
tants is available from the U.S. Government Printing Office, Washington, 
D.C. 20402. 

“Occupational Safety and Health Administration, U.S. Department of 
Labor. The Code of Federal Regulations is available from the U.S. Govern- 
ment Printing Office, Washington, D.C. 20402. 

"Society of Tribologists and Lubrication Engineers, 840 Busse Highway, 
Parkridge, Illinois 60068. 
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STANDARD DATA SHEET SELECTION 


Figure 3— Arrangement 1 Type A Seals 
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STANDARD DATA SHEET SELECTION 


Figure 4— Arrangement 1 Type B Seais 
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2.1.6 The standard pressurized dual (arrangement 3) me- 
chanical seal shall be an inside, balanced, cartridge-mounted 
mechanical seal (with two rotating flexible elements and two 
mating rings in series). The inner seal shall have an internal 
(reverse) balance feature designed and constructed to with- 
stand reverse pressure differentials without opening. (See 
Figures 7 and 8.) 


COMMENT: Internal or reverse balance feature requires that the mating 
ring and the secondary seal be designed to stay in place in the event that bar- 
tier fluid pressure is lost. The seal will stay closed with internal pressure on 
the seal. This design will allow the seal to function as an arrangement 2 un- 
pressurized dual seal when the barrier pressurization is lost. Barrier fluid 
pressure must be regulated between 1.4 bar and 4.1 bar (20 psi to 60 psi) 
over the pressure at the seal chamber throat bushing. If the pressure 1s too 
low, unpressurized dual seal operation will result; if too high, the seal will 
run hot, and may fail prematurely. This arrangement eliminates many oper- 
ational problems which decrease reliability. 


2.1.7 The standard configuration for API single-pusher 
and all dual mechanical seals is for the flexible elements to 
rotate. For seals having a seal face surface speed greater 
than 25 meters per second (5000 feet per minute), the 


STANDARD 


standard alternate of stationary flexible elements shall be 
provided. 

COMMENT: As speed increases, the flexible element of a rotating seal 
must flex at a correspondingly faster rate to keep the seal faces closed. At 


very high speeds (and for large seal sizes) , the forces required to keep the 
faces closed become so large that they negatively affect the seal life. 


2.1.8 The seal cartridge shall be removable without dis- 
turbing the driver. 


2.2 General 


2.2.1 This standard does not cover the design of the 
component parts of mechanical seals; however, the design 
and materials of the component parts shall be suitable for the 
specified service conditions. The maximum allowable work- 
ing pressure shal] apply to all parts referred to in the defini- 
tion of pressure casing. The seal manufacturer shall state 
when pressure ratings of seals do not meet this requirement. 


COMMENT: It is not normal practice for seals to be rated for the MAWP 
for the pump in which they are installed. 


DATA SHEET SELECTION 


Figure 5—Arrangement 1 Type C Seals 


Figure 6— Arrangement 2 Dual Seal With Unpressurized Buffer Lower Than Product 
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Figure 8—Arrangement 3 (Type A and B Seals) 
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2.2.2 The seal manufacturer shall design the seal faces 
and balance ratio to minimize seal face-generated heat 
consistent with optimum life and emissions. The seal manu- 
facturer shall supply the rate of face generated heat and esti- 
mated heat soak for that design. (See Appendix E.) 


COMMENT: Temperature control plays an important role in the success of 
a mechanical seal. Every seal generates heat at the seal faces. In some cases, 
heat soak from the fluid pumped must also be controlled. Heat soak is the 
heat transferred from the pump and pumped fluid to fluid in the seal cham- 
ber. For example, if a particular fluid must be maintained at 60°C (140° F) 
to maintain a satisfactory vapor pressure margin and the pump operating 
temperature is 146°C (295°F), heat would be transferred through the pump 
case into the seal chamber. The combined heat load (soak- and face-gener- 
ated) must be carried away by the flush. Appendix E explains the calcula- 
tion of heat soak and seal generated heat. 

The calculated heat load allows sizing of the cooling system, determina- 
tion of start up and running torques, determination of flush rates, and boiling 
point margins. Normally, seal flush rates are based upon a maximum allow- 
able 5°C (10°F) temperature rise, considering all heat inputs. Certain seal 
chamber arrangements such as dead-ended and taper bore boxes have other 
considerations. 


2.2.3 The seal manufacturer shall supply the thrust load 
associated with the mechanical seal including spring forces 
and hydraulic forces. 

COMMENT: Thick sleeves have larger areas exposed to seal chamber pres- 


sure which may be additive to thrust loads. For retrofits, these additional 
loads may exceed original design premises. 


2.2.4 The seal manufacturer shall supply the maximum 
axial movement (both in extension and compression) from 
the set position that the seal can tolerate without adversely 
affecting seal performance. 

COMMENT: Maximum axial movement is of particular concern in hot 
multi-stage pumps. During start up conditions it is not unusual for a large 


amount of differential thermal growth to occur between the shaft and casing. 
This differential can exceed the capabilities of some seals. 


2.2.5 O-ring sealing surfaces, including all grooves and 
bores, shall have a maximum surface roughness of 63 R, for 


static O-rings and 32 R, for the surface against which 
dynamic O-rings slide. Bores shall have a minimum 3 milli- 
meter (0.12 inch) radius or a minimum 1.5 millimeter (0.06 
inch) chamfered lead-in for static O-rings and a minimum 2 
millimeter (0.08 inch) chamfered lead in for dynamic O- 
rings. Chamfers shall have a maximum angle of 30 degrees. 


2.2.6 O-ring grooves shall be sized to accommodate per- 
fluoroelastomer O-rings. 

COMMENT: Perfluoroelastomer has a greater thermal expansion than most 
other O-ring materials, such as fluoroelastomer. Installing a perfluoroelas- 
tomer in a groove designed for fluoroelastomer will lead to damage to the 
O-ring. On the other hand, fluoroelastomer O-rings function properly in the 
larger grooves. Choosing the wider groove as a standard eliminates this po- 
tential cause of O-ring failure and reduces the numbers of necessary spares. 
Note that thermal expansion damage in perfluoroelastomer O-rings is often 
confused with damage due to chemical induced swelling of the O-rings, and 
vice versa. 


2.2.7 For vacuum services, all seal components shall be 
designed with a positive means of retaining the sealing com- 
ponents to prevent them from being dislodged. (See Fig- 
ure 9.) 


COMMENT: Differential pressure opposite to normal direction may unseat 
a sealing element and cause leakage. 


2.2.8 The cartridge seal shall incorporate a setting device 
(such as setting plates) that is sufficiently robust to enable 
the seal to be pushed or pulled without transferring the load 
to the seal faces. 


2.3 Seal Chamber and Glands 


2.3.1 Seal glands shall be provided by the seal manufac- 
turer. 


2.3.2 Sealing chambers are one of three types: traditional, 
externally mounted, or internally mounted. Seal chambers 


Figure 9—Positive Retention of Seal Components in Vacuum Services 
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are not required to accommodate packing. Figure 10 shows 
the three types. 
COMMENT: The intent of 2.3.2 and 2.3.3 is to define an API Standard Seal 


Envelope within which the seal chamber design is under the complete con- 
trol of the seal manufacturer. 


2.3.3 The standard API seal chamber is the traditional 
type, integral to the head of the pump and supplied by the 
pump manufacturer. 


2.3.3.1 Seal chambers shall conform to the minimum 
dimensions shown in Table 1 or Table 2. With these dimen- 
sions, the minimum radial clearance between the rotating 
member of the seal and the stationary surfaces of the seal 
chamber and gland shall be 3 millimeters ('/, inch). 


2.3.3.2 Inall cases and for all seal chamber types, all bolt 
and stud stresses shall be in accordance with Section VIII, 
Division I of the ASME code at maximum allowable work- 
ing pressure. Four studs shall be used. The diameter of the 
studs shall be in accordance with Table 1. Larger studs shall 
be furnished only if required to meet the stress requirements 


of Section VIII or to sufficiently compress spiral wound 
gaskets per manufacturers specifications. 


2.3.4 When bolt-on seal chambers are supplied, their at- 
tachment face shall conform to the dimensions in Table 1. 


2.3.5 Seal chambers and seal gland plates shall be de- 
signed for the maximum seal chamber design pressure and 
pumping temperature and shall have sufficient rigidity to 
avoid any distortion that would impair seal operation, includ- 
ing distortion that may occur during tightening of the bolts to 
set gasketing. 


2.3.5.1 For horizontally split pumps, slotted glands shall 
be provided to make disassembly easier. 


2.3.5.2 Provisions shall be made for centering the seal 
gland and/or chamber with either an inside- or an outside- 
diameter register fit. The register fit surface shall be concen- 
tric to the shaft and shall have a total indicated runout of not 
more than 125 micrometers (0.005 inch) (See Figure 11). 
Shaft centering of mechanical seal components or the use of 
seal gland bolts for alignment is not acceptable. 


TRADITIONAL 


EXTERNALLY MOUNTED 


INTERNALLY MOUNTED 


Figure 10—Seal Chamber Types 
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2.3.5.3 A shoulder at least 3 millimeters ('/, inch) thick 
shall be provided in the seal gland to prevent the stationary 
element of the mechanical seal from dislodging as a result of 
chamber pressure. (See Figure 12.) 


2.3.6 The allowable stress used in design of seal cham- 
bers and gland plates shall not exceed the values given for 
that material in Section VIII, Division 1, of the ASME 
Code. For cast materials, the factor specified in the code 
shall be applied. Chambers and gland plates of forged steel, 


rolled and welded plate, or seamless pipe with welded 
cover shall comply with the applicable rules of Section 
VIII, Division 1, of the ASME Code. Manufacturers’ data 
report forms and stamping, as specified in the code, are not 
required. 


2.3.7 The MAWP of the seal chamber and gland plate 
shall be equal to or greater than the pump on which it is in- 
stalled. The seal chamber and gland shall have a corrosion 
allowance of 3 millimeters (//, inch). 


Table 1— Standard Dimensions for Seal Chambers, 
Seal Gland Attachments and Cartridge Mechanical Seal Sleeves 


To Nearest Obstruction 


SINGLE 
SEAL 


(4) Gland Studs 
Bo 1.0 (.04) [A@] 


— | |*— 6.00.95 (0.236_ o92) 

4 

dy 

OPTIONAL OUTSIDE 

GLAND RABBET 
(Note 1) (Note 2) (Note 2) (Note 3) (Note 3) 
Shaft Seal Gland Outside Total Clear 
Seal Diameter Chamber Stud Gland Length Length Stud Stud 
Chamber (Maximum) Bore Circle Rabbet (Minimum) (Minimum) Size Size 

Size {d)) (d,) (d;) (d,) (C) (E) (SI Std) (US Std) 
I 20.00/0.787 70.00/2.756 105/4.13 85.00/3.346 150/5.90 100/3.94 M12 xX 1.75 1/2”-13 
2 30.00/1.181 80.00/3.150 115/4.53 95.00/3.740 155/6.10 100/3.94 M12 X 1.75 1/2”*-13 
3 40.00/1.575 90,.00/3.543 125/4.92 105.00/4.134 160/6.30 100/3.94 M12 X 1.75 1/2”-13 
4 50.00/1.968 100.00/3.937 140/5.51 115.00/4.528 165/6.50 110/4.33 M16 X 2.0 5/8”-11 
5 60.00/2.362 120.00/4.724 160/6.30 135.00/5.315 170/6.69 110/4,33 M16 X 2.0 5/8”-11 
6 70.00/2.756 130.00/5.118 170/6.69 145.00/5.709 175/6.89 110/4.33 M16 x 2.0 5/8”-11 
7 80.00/3.150 140.00/5.512 180/7.09 155.00/6.102 180/7.09 110/4.33 M16 x 2.0 5/8”-11 
8 90.00/3.543 160.00/6.299 205/8.07 175.00/6.890 185/7.28 120/4.72 M20 X 2.5 3/4”-10 
9 100.00/3.937 170.00/6.693 215/8.46 185.00/7.283 190/7.48 120/4.72 M20 X 2.5 3/4”-10 
10 110.00/4.331 180.00/7.087 225/8.86 195.00/7.677 195/7.68 120/4.72 M20 x 2.5 3/4”-10 


Note 1: Dimensions to Tolerance Grade G7/h6. 


Note 2: Dimensions to Tolerance Grade H7/h6; for axially split pumps, an additional tolerance to allow for gasket thickness: +75 micrometers (0.003 in.). 
Note 3: Shaft deflection criteria (API Standard 610, 2.5.7) may require (C) and (E) dimensions on size i and 2 seal chambers to be reduced below the minimum 


values listed, depending on specific pump construction and casing design. 
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2.3.7.1. Minimize the use of tapped holes in pressure 
parts. To prevent leakage in pressure sections of casing, 
metal equal in thickness to at least half the nominal bolt di- 
ameter, in addition to the allowance for corrosion, shall be 
left around and below the bottom of drilled and tapped holes. 
The depth of the tapped holes shall be at least 1.5 times the 
stud diameter. 


2.3.7.2 Bolting shall meet the requirements of 2.3.7.2.1 
through 2.3.7.2.4. 


2.3.7.2.1 
ANSI B1.1. 


The details of all threading shall conform to 


2.3.7.2.2 Studs shall be supplied unless cap screws are 
specifically approved by the purchaser. 


2.3.7.2.3 Adequate clearance shall be provided at bolting 
locations to permit the use of socket or box wrenches. 


2.3.7.2.4 Stud markings shall be located on the nut end of 
the exposed stud. 


2.3.8 Mechanical seal performance depends on the runout 
conditions at the mechanical seal chamber. Seal chamber 


Table 2—Standard 
Seal 
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face runout or seal chamber interface runout is a measure of 
the squareness of the pump shaft with respect to the face of 
the seal chamber mounting face. This runout shall not ex- 
ceed 15 micrometers (0.0005 inches) per 3 centimeters (1 
inch) of seal chamber bore, (TIR). (See Figure 13.) 


2.3.9 The pump manufacturer shall furnish curves or other 
characteristics allowing determination of the seal chamber 
pressure over the entire range of the pump head capacity curve. 


COMMENT: This information facilitates orifice sizing for cooling systems 
as well as identification of flashing services. 


When specified, the seal gland plate or seal chamber shall 
be furnished with a second flush connection to permit mea- 
surement of seal chamber pressure directly. 


2.3.10 Seal chamber pressure for single seals, and for the 
inner unpressurized dual seal, shall be a minimum of 3.5 bar 
(50 psi) or 10 percent above the maximum fluid vapor pres- 
sure at seal chamber fluid temperature. This margin shall be 
achieved by raising the seal chamber pressure and/or lower- 
ing the seal chamber temperature. Lowering the temperature 
is always preferable. Pumps which develop less than 3.5 bar 


Alternate Dimensions for 
Chambers 


——____.—_—_>| Nearest - 


Seal 
chamber 
bore 


Cc 


obstruction 


Minimum Minium 
Shaft Diameter, A Radial Dimension, B Total Length, C 
mm (in) mm (in) mm (in) 
6 eee 
$50.0 (2.000) 25.0 (1.000) 145.0 (8.750) 
50,0—75.0 28.5 (1.125) 165.0 (6.500) 
(2.000—3.000) 
275.0 (3.000) 32.0 (1.250) 180.0 (7.000) 
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(50 psi) differential pressure may not meet this requirement 
and alternate requirements shall be agreed to by the pur- 
chaser and seal manufacturer. 


COMMENT: Cooling protects against boiling in the seal chamber, as does 
increasing the chamber pressure above vapor pressure. Boiling causes loss 
of seal-face lubrication and subsequent seal failure. Note that any vapor 
formed in a cylindrical seal cavity is forced toward the shaft by centrifugal 
force and concentrates near the seal faces. 

The cooling water temperature is sometimes the same as the pumped fluid, 
in which case a cooler would be useless. In any case, the feasibility should al- 
ways be considered. Low-gravity fluids are one of the most troublesome seal 
problems. Tests have shown a seal cavity pressure 1.7 bar to 2.8 bar (25 psi to 
40 psi) above the vapor pressure diminishes face distortion and leakage rates. 


Gland ID 


Note: ID = seal gland inner diameter. 
OD = seal gland outer diameter. 


2.3.11 A distributed seal flush system such as a circumfer- 
ential or multi-port arrangement shall be provided for all sin- 
gle seals with rotating flexible elements. The seal flush inlet 
ports shall be located to maximize the uniformity of cooling 
of the seal faces. For multiport systems, a minimum of 3 mil- 
limeters ('/. inch) diameter ports shall be used. The seal flush 
passages shall be cleanable. (See Figure 14.) 


COMMENT: Distributed flush systems are not mandated for stationary sin- 
gle seals or for dual seals because this becomes complex and expensive. 
Further, stationary, single-seal faces are in a position in the seal chamber 
where more effective mixing takes place and the need for distribution of the 
flush is diminished. 


Figure 11— Seal Chamber Register Concentricity 


Figure 12— Seal Gland Shoulder 
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2.3.12 Throat bushings shall be provided unless otherwise 
specified. Throat bushings can be used for any or all of the 
following purposes: 


a. To function as a replaceable wearing part. 

b. To establish differential hardness between rotating and 
stationary parts. 

c. To increase or decrease seal chamber pressure. 

d. To isolate the seal chamber fluid. 

e. Tocontrol the flow into or out of the seal chamber. 


2.3.13 When supplied, throat bushings shall be renewable 
and designed so that they cannot be forced out by hydraulic 
pressure. If the seal chamber is at a higher pressure than the 


inside area of the casing, the throat bushing should be shoul- 
dered on the seal chamber side of the bushing. 


2.3.14 When specified, close clearance, floating throat 
bushings shall be furnished. Materials and clearances shall 
be suitable for the service and approved by the purchaser. 


COMMENT: While 2.3.18 makes it a requirement that seal chambers be 
self venting, there is no provision for them to be self draining. This re- 
quires some measure such as loosening the seal gland or chamber to 
drain pumpage trapped by the throat bushing. This leads to possible per- 
sonnel exposure and causes the seal parts to be disturbed, potentially de- 
stroying evidence valuable for troubleshooting. One alternative is a hole 
drilled axially in the bottom of the seal chamber by-passing the throat 
bushing. All such measures are subject to plugging because of the small 
size of the hole. 


Figure 13—-Seal Chamber Face Runout 


Figure 14—Distributed Seal Flush System 
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2.3.15 Specified gland and seal chamber connections 
shall be identified by symbols permanently marked into the 
component (for example, stamped, cast, or chemically 
etched into the component). The codes shown in Table 3 
shall be used. Where appropriate, the letters I and O shall be 
used in conjunction with these markings. The connections 
shall be located as indicated in the table for horizontal 
pumps. For horizontal pumps 0 degrees is vertical on top. 
For vertical pumps, the location of the flush (F) connection 
defines 0 degrees. (See Figure 15.) 


2.3.16 Gland plates and seal chambers shall have provi- 
sions for only those connections required by the seal flush 


Note: BI = Barrier/buffer fluid inlet. 
BO = Barrier/buffer fluid outlet. 
D = Drain. 
F = Flush. 
Q = Quench. 


plan. If additional tapped connection points are specified and 
are not used, they shall be plugged with solid round or solid 
hex head plugs furnished in accordance with the dimensional 
requirements of ANSI B16.i1. (Table 7 or 7a). These plugs 
shall be of the same material as the gland plate. An anaerobic 
lubricant/sealant shal! be used on the threads to ensure the 
threads are vapor tight. 


COMMENT: ANSI B16.11 constrains the design of solid round, hex, and 
solid square head plugs. Square head plugs are not acceptable due to the ten- 
dency to be damaged during installation and removal. B16.11 is referenced 
to prevent the supply of hollow or cored plugs; failures of such plugs have 
occured within the industry. Teflon tape and anti-seize or anti-galling com- 
pounds should not be used on gland connections because of the possibility 
of fouling the seal. 


A) --} 


As 


Figure 15—Seal Chamber and Gland Connections 
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Table 3—Symbols for Seal Chamber and 
Gland Connections 


Symbol Connections Location Type 

BI Barrier/Buffer Fluid In 180° Process 

BO Barrier/Buffer Fluid Out 0° Process 

Cc Cooling = Process 

D Drain 180° Atmospheric 
F Flush 0° Process 

H Heating — Process 

Q Quench 90° Atmospheric 
I In —_— — 

oO Out _ _ 


2.3.17 All piping or tubing connections shall be suitable 
for the hydrostatic test pressure of seal chamber or gland 
plate to which they are attached. 


2.3.18 A means shall be provided to completely vent the 
seal chamber before startup (for examples, a top-located 
barrier/buffer fluid or flush connection). Designs requiring 
manual venting require purchaser approval. 


2.3.18.1 On vertical pumps, the seal chamber or gland 
plates shall have a port no less than 3 millimeters ('/, inch) 
above the seal faces to allow the removal! of trapped gas. 
This port shall be uppermost in the chamber. The port shall 
be orificed and valved. This requirement applies to both the 
inner seal and the barrier/buffer fluid chamber for dual seal 
applications. (See Figure 16.) 

COMMENT: Seal life is severely shortened if faces are not immersed im liq- 
uid. Vents are often poorly located. This vent may be in addition to the flush 


plan. For services where gas might form in the seal chamber, continuous 
venting (for example, through the flush plan) is required. 


2.3.18.2 Connections for the internal circulating device 
outlets shall be at the top of the seal chamber. 


2.3.19 Unless otherwise specified, connections to the pro- 
cess side of the seal shall be at least 3/, inch NPT nominal 
pipe size. Piping connections to the atmospheric side, 
quench and drain, shall be */, inch NPT. (See Figure 17.) 


COMMENT: Differential sizing eliminates the possibility of improper 
assembly, particularly during maintenance in the field. 


2.3.19.1. When specified, or when sizing restraints 
require, process connections of '/, inch NPT are a standard 
option. 


COMMENT: These smaller connections are sometimes required for smaller 
pumps where gland space is limited. 


2.3.19.2 Drill throughs shall be sized for the application 
and shall be a minimum of 5 millimeter (*/,, inch) diameter. 


COMMENT: Drill throughs are the passageways from the gland connection 
to the seal chamber. 
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@ 2.3.20 For single seals, and when specified for dual 


seals, a non-sparking, floating-throttle bushing shall be in- 
stalled in the seal gland or chamber and positively retained 
against pressure blowout to minimize leakage if the seal 
fails. The diametral clearance at the bushing bore shall be 
as specified in Table 4. The tabular clearances are at pump- 
ing temperatures. 

COMMENT: Bushings must be sized to allow for thermal growth of the 
shaft. These clearances are based upon carbon bushings. Other materials 


may require other clearances. Axial space limitations often make it imprac- 
tical to fit floating bushings on dual seals. 


2.3.21 All mating joints between the seal gland, the seal 
chamber, and the pump case shall incorporate a confined 
gasket to prevent blowout. The gasket shall be a controlled 
compression gasket (for example, an O-ring or a spiral- 
wound gasket) with metal to metal joint contact both inside 
and outside the stud circle to prevent buckling of the gland. 
The design of the joint shall prevent extrusion of the gasket 
to the interior of the seal chamber where it might interfere 
with seal cooling. Where space or design limitations make 
this requirement impractical, an alternative seal gland de- 
sign shall be submitted to the purchaser for approval. (See 
Figure 18.) 


COMMENT: To minimize runout, metal-to-metal contact is required to 
keep seal faces and the shaft perpendicular. 


Figure 16—Seal Chamber/Gland Plate Port 
for Vertical Pumps 
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2.4 Shaft Sleeves 


Shaft sleeves shall be furnished by the seal manufacturer. 


2.4.1 Unless otherwise specified, a shaft sleeve of wear-, 
corrosion-, and erosion-resistant material shall be provided 
to protect the shaft. The sleeve shall be sealed at one end. 
The shaft sleeve assembly shall extend beyond the outer face 
of the seal gland plate. (Leakage between the shaft and the 
sleeve thus cannot be confused with leakage through the 
mechanical seal). 


Process side 
3/4" NPT 


2.4.2 Shaft sleeves shall be designed of one piece. 


2.4.3 Shaft sleeves shall have a shoulder (or shoulders) for 
positively locating the rotating element (or elements). 


2.4.4 Shaft-to-sleeve sealing devices shall be elastomeric 
O-rings or flexible graphite rings. 
COMMENT: Metallic sealing devices are often unreliable, damage the 


shaft, and make disassembly difficult. Sealing devices should be softer than 
the shaft. 


Atmospheric side 
34g" NPT 


Figure 18—Mating Joint Gasket (O-ring or Spiral Wound) 
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2.4.4.1 Shaft-to-sleeve O-ring seals shall be located at the 
impeller end of the sleeve. For shafts that require the O-ring 
to pass over the threads, at least 1.6 millimeters (/,, inch) 
radial clearance shall be provided between the threads and 
the internal diameter of the gasket, and the diameter transi- 
tion shall be radiused or chamfered (See 2.2.5) to avoid 
damage to the O-ring. 


COMMENT: This location prevents pumpage from accumulating under the 
sleeve and making disassembly difficult. 


2.4.4.2 Shaft-to-sleeve sealing devices located at the out- 
board end of the sleeve shall be captured between the sleeve 
and the shaft. 


COMMENT: Flexible graphite is commonly used on metal bellows seals 
located on the outboard end of the sleeve. 


2.4.5 Standard seal sizes shall be in even increments of 10 
millimeters as shown in Table 1. It is preferred that alternate 
seals as shown in Table 2 be sized in increments of 0.635 mil- 
limeters (0.25 inches) starting with 3.80 millimeters (1.5 inches). 


2.4.6 Sleeves shall have a minimum radial thickness of 
2.5 millimeters (0.100 inch). 
COMMENT: Excessively thin sleeves distort easily. In 2.4.6, the minimum 


thickness is for the sleeve in its thinnest section, such as under seal setting- 
plate grooves. 


The seal sleeve thickness in the proximity of set screw 
locations shall prevent sleeve distortion due to tightening 
of the set screws. Minimum thicknesses are specified in 
Table 5. 


2.4.7 The shaft sleeve shall be machined and finished 
throughout its length such that the bore and outside diameter 
are concentric within 25 micrometers (0.001 inch) TIR. 


Table 4—Floating Throttie Bushing 
Diametral Clearances 


Sleeve Diameter Maximum Clearance 


0- 50mm (0-2.00”) 
51- 80mm (2.01-3.00”) 
81-120mm (3.01-4.75”) 


180 micrometers (0.007) 
225 micrometers (0.009”) 
280 micrometers (0.011”) 


Table 5—Minimum Sleeve Thicknesses in the Area 
of Component Drive Set Screws 


Shaft Diameter Minimum Sleeve Radial Thickness 
mm (in) mm (in) 


<56mm or 50mm (<2.250 inches) 
50-80 mm (2.250-3.250 inches) 
>80mm (>3.250 inches) 


2.5 mm (0.100 inch) 
3.8 mm (0.150 inch) 
5.1 mm (0.200 inch) 


2.4.8 Sleeves shall be relieved along their bore leaving a 
locating fit at or near each end. 


COMMENT: Relieving the bore makes assembly and disassembly easier 
with the required close fits. 


2.4.9 Shaft-to-sleeve diametral clearance shall be 25 
micrometers to 75 micrometers (0.001 inch to 0.003 inch). 
(See Figure 19.) 


COMMENT: For the seals addressed in this standard, this clearance range 
will allow ease of assembly/disassembly while normally resulting in in- 
stalled sleeve TIR of 50 micrometers (0.002 inch) or less when mounted 
with flexible O-ring or flexible graphite rings on a pump shaft with a runout 
of no more than 25 micrometers (0.001 inch) TIR. The seal manufacturer 
and the pump manufacturer shall mutually determine manufacturing toler- 
ances on the shaft sleeve and the pump shaft to ensure that shaft-to-sleeve 
clearance complies with this standard. 


Figure 19—Shaft Sleeve Runout 
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2.4.10 The sleeve shall be secured to ensure positive axial 
positioning and drive from the shaft to the sleeve. 


2.4.10.1. For between bearing pumps, drive collar set 
screws to the shaft shall not pass through clearance holes in 
the shaft sleeve to engage the shaft unless they bear on a re- 
lieved area of this shaft. For overhung pumps, drive collar 
set screws shall not pass through clearance holes unless the 
sleeve bore is relieved to allow it to pass over deformed shaft 
material. 

COMMENT: When set screws are tightened against the shaft the holes up- 
set the metal on the shaft surface. If this damage is under the shaft sleeve it 
cannot be corrected prior to sleeve removal. For between bearing pumps, 
the full length of the sleeve must be pulled over the damaged area. This can 
cause the sleeve to gall to the shaft or otherwise be damaged. The problem 


is less severe with overhung pumps where only a small length of the sleeve 
need be pulled over the damaged area. 


2.4.10.2 Drive collar set screws shall be of sufficient 
hardness to securely embed in the shaft. 


2.4.10.3 Designs using nine or more set screws to drive 
and/or axially position the shaft sleeve require purchaser 
approval. 

COMMENT: As shaft size and sealing pressure increase, the axial force on 
the seal sleeve (pressure X area) increases. As the number of set screws in- 
creases the drive collar is weakened and the amount of additional force each 


set screw will resist decreases. Conditions such as liquid hammer or settle- 
out can cause high pressures which should be considered. 


2.4.10.4 When specified by the purchaser or recom- 
mended by the seal manufacturer, the seal sleeve shall be 
axially fixed by a split ring engaging a groove in the shaft. 
(See Figure 20.) 

COMMENT: This design is expensive and is usually used only on highly 
critical unspared pumps. Use of this design avoids shaft damage by dim- 


pling the shaft for dog point set screws when high thrust loads exist on the 
sleeve. 


2.4.11 Where key drives are supplied, keys shall be posi- 
tively secured to the shaft. (See Figure 21.) 


COMMENT: Keys located on the shaft deep in traditional stuffing boxes 
cannot be easily reached for seal assembly. 


2.5 Mating Rings 


2.5.1 Seal and mating rings shall be of one homogeneous 
material. Overlays or coatings shall not be used as the sole 
source of wear-resistant material. 

COMMENT: The homogenous material discussed in 2.5.1 refers to such 


designs as sprayed-on tungsten carbide or stellite. Materials such as silicon 
or tungsten carbide may be enhanced by applying additional coating. 


2.5.2  Anti-rotation devices shall be designed to minimize 
the distortion of the seal faces. Clamped faces shall not be 
used unless specifically approved by the purchaser. (See 
Figure 22.) 


COMMENT: Flat seal faces are paramount in achieving low emissions and 
good seal performance. Clamped rings are usually distorted. 
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2.5.3 The arrangement of the mating ring and its mount- 
ing into the seal gland plate shall be designed to facilitate 
cooling of the ring and to avoid thermal distortion. 


COMMENT: Mating rings which are mounted deep in the gland and have 
minimal contact with the process fluid tend to not transfer heat away effec- 
tively. The resulting temperature gradients can cause distortion of the faces. 


2.6 Flexible Elements 


2.6.1 The Type A standard pusher seal shall incorporate 
multiple springs with O-rings as the secondary sealing ele- 
ments. When specified on the data sheet option, a single 
spring shail be furnished. 


COMMENT: Multiple spring seals tend to be more axially compact than 
single spring seals. This gives wider applicability when dual seals are 
considered. 

Single spring seals generally add 6 millimeters to 13 millimeters ('/, inch 
to '/, inch) to the axial space requirement of a sealing application. For single 
seal applications the single spring has advantages and disadvantages. The 
single spring allows a lower spring rate to achieve the same face loading. 
This makes the single spring more tolerant of axial misalignment (errors in 
axial setting of the seal). This advantage is largely eliminated by use of car- 
tridge seals. For corrosive services, the wire in single springs is significantly 
greater in cross-section allowing a greater corrosion allowance. 


2.6.2 The standard non-pusher seal, Type C, shall incor- 
porate a metal bellows with a flexible graphite secondary 
sealing device. When specified, the type B (standard option 
for the Type A), incorporating an O-ring secondary seal, 
shall be furnished. 

COMMENT: Flexible graphite may be applied through a wider temperature 
range than alternatives such as O-rings. O-ring secondary seals may offer 


economy, as well as ease of assembly, when non-pusher seals are applied in 
moderate- and low-temperature services. 


Figure 20—Seal Sleeve Attachment to Shaft 
by Split Ring 
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2.6.3 Flexible elements shall not rely on static lapped 
joints for sealing. 
COMMENT: Designs such as rotating seal rings are prohibited by 2.6.3 as 


they employ an unretained slip fit into a flexible element unit. Designs 
retaining the seal ring with an interference fit and/or gasket are acceptable. 


2.7 Welding 


2.7.1 Welding of piping and pressure-containing parts, as 
well as any dissimilar-metal welds and weld repairs, shall be 
performed and inspected by operators and procedures quali- 
fied in accordance with Section VIII, Division 1, and Section 
IX of the ASME Code. 

COMMENT: Metal bellows used in non-pusher seal construction are man- 
ufactured in a welding process which is proprietary to the seal manufacturer. 


This welding process is not covered by general welding codes or industry 
standards and is not within the scope of this standard. 


2.7.2 The manufacturer shall be responsible for the review 
of all repairs and repair welds to ensure that they are prop- 
erly heat treated and nondestructively examined for sound- 
ness and compliance with the applicable qualified 
procedures. Repair welds shall be nondestructively tested by 
the same method used to detect the original flaw. As a min- 
imum, the inspection shall be by the magnetic particle 
method, in accordance with 6.2.8 and 6.2.9. 


2.7.3 Unless otherwise specified, all welding other than 
that covered by Section VIII, Division 1 of the ASME Code 


Figure 21—Key Drives Attachment to Shaft 


and ANSI B31.3, such as welding on baseplates, non-pres- 
sure ducting, lagging, and control panels, shall be performed 
in accordance with AWS D1.1. 


2.7.4 Pressure casings made of wrought materials or com- 
binations of wrought and cast materials shall conform to the 
conditions specified in 2.7.4.1 through 2.7.4.4. 


COMMENT: Bolt on seal chambers may be of welded construction. 


2.7.4.1 Plate edges shall be inspected by magnetic particle 
or liquid penetrant examination as required by Section VIII, 
Division 1, UG-93(d)(3) of the ASME Code. 


2.7.4.2 Accessible surfaces of welds shall be inspected 
by magnetic particle or liquid penetrant examination after 
back chipping or gouging and again after post-weld heat 
treatment. 


2.7.4.3 Pressure-containing welds, including welds of the 
case to horizontal-and vertical-joint flanges, shall be full- 
penetration welds. 


2.7.4.4 Fabricated casings (regardless of thickness) shall 
be post-weld heat treated. 


2.7.5 Connections welded to the pressure casing shall be 
installed as specified in 2.7.5.1 through 2.7.5.5. 


2.7.5.1 In addition to 2.7.1, purchaser may specify that 
100 percent radiography, magnetic particle inspection, or 
liquid penetrant inspection of welds is required. 


Ws 


LZ 


FIZZ DN 


Figure 22— Clamped Faces 
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2.7.5.2 Auxiliary piping welded to alloy steel casings 
shall be of a material with the same nominal properties as the 
casing material or shall be of low-carbon austenitic stainless 
stee]. Other materials compatible with the casing material 
and intended service may be used with the purchaser’s 
approval. 


2.7.5.3 When heat treatment is required, piping welds 
shall be made before the component is heat treated. 


2.7.5.4 When specified, proposed connection designs 
shall be submitted to the purchaser for approval before fab- 
rication. The drawings shall show weld designs, size, mate- 
rials, and pre- and post-weld heat treatments. 


2.7.5.5 All welds shall be heat treated in accordance with 
the methods described in Section VIII, Division 1, UW-40 of 
the ASME Code. 


2.8 Low Temperature 


For operating temperatures below —29°C (—20°F) or when 
specified for other low-ambient temperatures, steels shall 
have, at the lowest specified temperature, an impact strength 
sufficient to qualify under the minimum Charpy V-notch 
impact energy requirements of Section VIII, division 1, UG- 
84 of the ASME Code. For materials and thicknesses not 
covered by the code, the purchaser will specify the require- 
ments on the data sheet. 


SECTION 3—MATERIALS 


3.1 


Proper material selection is critical to the reliable opera- 
tion of a mechanical seal. Selection depends on the charac- 
teristics of the contacting fluid. Variables such as operating 
temperature, pressure, speed, lubricity, and chemical com- 
patibility are key parameters. Unless otherwise specified on 
the data sheets, shaft seal components shall be furnished 
with the materials referenced in 3.2 through 3.9. 


General 


3.1.1. Unless otherwise specified, materials shall be fur- 
nished in accordance with 3.2.1 to 3.9.2 and Appendix F. 


NOTE: Purchaser should solicit seal manufacturer input when in question 
about the compatibility of these materials with the intended service. 


3.1.2 Superior or alternative materials recommended for 
the service by the seal manufacturer shall be stated in the 
proposal. 


3.1.3 Materials identified in the proposal other than those 
specified in this standard, or materials for an engineered seal, 
or exceptions to materials in this standard shall be identified 
with their applicable ASTM, AISI, ASME, or SAE numbers, 
including the material grade. When no such designation ex- 
ists, the manufacturer’s material specification, giving phys- 
ical properties, chemical composition, and test requirements, 
shall be made available upon request. 


3.2 Seal Faces 


3.2.1. Each seal shall be comprised of two rings with mat- 
ing faces. Single seals shall have one set of mating faces. 
Dual seals shall have two sets of mating faces. Temperature 
limitations for seal face materials are listed in Table F-3. 


3.2.2 One of the rings shall be premium grade, blister- 
resistant carbon graphite with suitable binders and impreg- 
nants to reduce wear and provide chemical resistance. Sev- 


eral grades are available; therefore, the manufacturer shall 
state the type of carbon offered for each service. 


3.2.3 The mating ring shall be reaction-bonded silicon 
carbide (RBSiC). When specified, self sintered silicon car- 
bide (SSSic) shall be furnished. Several grades of these ma- 
terials are available; therefore, the manufacturer shall state 
the type of silicon carbide offered for each service. 


3.2.4 Abrasive services may require two hard materials. 
Unless otherwisespecified for this service, the seal rings 
shall be reaction-bonded silicon carbide and tungsten carbide 
(WC) with nickel binder. 


COMMENT: Nickel-bound WC is resistant to a wider range of chemicals 
than cobalt-bound WC. 


3.3 Seal Sleeves 


Unless otherwise specified, seal sleeves shall be AISI 
Standard Type 316 stainless steel. 


3.4 Springs 


Unless otherwise specified, seals with multiple springs 

shall be Hastelloy C spring material. Seals with single 
springs shall use AISI Type 316 stainless steel spring 
material. 
COMMENT: Cross-section thickness of the spring should be taken into 
consideration when selecting spring materials. Heavier cross-section 
springs, such as those found in single spring seals, are not as prone to stress 
corrosion cracking as the thinner cross-section type found in multiple spring 
seals. For example, Hastelloy is the material most suited to multiple spring 
seals, whereas type 316 stainless steel may be just as suitable in the same 
service using a single spring. 


3.5 Secondary Sealing Components 


3.5.1. Unless otherwise specified, O-rings shall be fluoro- 
elastomer. Temperature limitations for elastomers are listed 
in Table F-4. 
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3.5.2 Unless otherwise specified, when operating temper- 
atures or chemical compatibility precludes the use of fluoro- 
elastomers, O-rings shall be perfluorcelastomers. 


3.5.3 Unless otherwise specified, when the temperature or 
chemical limitations of elastomers have been exceeded, 
secondary seals shall be flexible graphite. 


3.6 Metal Bellows 


Unless otherwise specified, metal bellows for the Type B 
seal shall be Hastelloy C; for the Type C seal, Inconel 718. 


3.7. Gland Plates 


3.7.1 Unless otherwise specified, gland plate material 
shall be AISI Type 316 stainless steel. Gland plates for al- 
loy pumps shall be of the same alloy as the casing. 


3.7.2 Unless otherwise specified, gland plate to seal 
chamber seal shall be a fluoroelastomer O-ring for services 
below 150°C (300°F). For temperatures over 150°C (300°F), 
or when specified, graphite-filled type 304 stainless steel 
spiral wound gaskets shall be used. 


NOTE : Spiral wound gaskets have bolt torque requirements for full 
compression. Refer to 2.3.3.2 for bolting requirements for spiral wound 
gaskets. 


3.8 Bolt-On Seal Chambers 


3.8.1 Bolt-on seal chambers shall be AISI Type 316 stain- 
less steel, unless otherwise specified. Chambers for alloy 
pumps shall be the same alloy as the casing. 


3.8.2 Chamber to casing seal material requirements shall 
conform to 3.7.2. 


3.9 Miscellaneous Parts 


3.9.1. Unless otherwise specified, spring retaining com- 
ponents, drive pins, anti-rotation pins, and internal set 
screws shall have strength and corrosion resistance of 
AISI Type 316 stainless steel or better. Outside drive set 
screws may be hardened carbon steel treated for corrosion 
resistance. 


3.9.2 Unless otherwise specified, close clearance floating 
throttle bushings shall be premium carbon graphite. 


SECTION 4—ACCESSORIES 


4.1 Auxiliary Piping Systems 


4.1.1 Auxiliary systems are defined as piping systems that 
are in the following services: 


a. Group I: 
1. Sealing fluid (including barrier/buffer fluid). 
2. Drains and vents. 
b. Group IE: 
1. Steam injection or quench. 
2. Water injection or quench. 
3. Drains and vents. 
c. Group III: 
1. Cooling water. 
2. Drains and vents. 


Auxiliary systems shall comply with the requirements of 
Table 6. 


4.1.2. Auxiliary piping systems shall include tubing, pip- 
ing, isolating valves, control valves, relief valves, tempera- 
ture gauges and thermowells, pressure gauges, sight flow 
indicators, orifices, dual seal barrier/buffer fluid reservoirs, 
and all related vents and drains. 


4.1.3 The supplier specified on the data sheet shall furnish 
all auxiliary piping systems, including mounted appurte- 
nances, located within the confines of the associated pump’s 
base area; any dual seal barrier/buffer fluid reservoir base 
area; or any auxiliary base area. When piping is furnished, it 


shall terminate with flanged connections at the edge of the 
base. The purchaser will furnish only interconnecting piping 
or tubing between equipment groupings and off-base 23 
facilities. 


4.1.4 The arrangement of the equipment, including piping 
and auxiliaries, shall be developed jointly by the purchaser 
and the manufacturer supplying the system. The arrange- 
ment shall provide adequate clearance areas and safe access 
for operation and maintenance. 


4.1.5 Unless otherwise specified, seamless tubing shall be 
furnished in accordance with Table 6 for all auxiliary 
systems. 


4.1.6 Piping design and joint fabrication, examination, 
and inspection shall be in accordance with ANSI B31.3. 


4.1.7 The mechanical design of auxiliary tubing or piping 
systems shall achieve the following: 


a. Proper support and protection to prevent damage from 
vibration or from shipment, operation, and maintenance. 

b. Proper flexibility and normal accessibility for operation, 
maintenance, and thorough cleaning. 

c. Installation in a neat and orderly arrangement adapted to 
the contour of the machine without obstructing access 
openings. 

d. Elimination of air pockets by the use of valved vents or 
non-accumulating piping arrangements. 
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e. Complete drainage through low points without disas- 
sembly of piping, seal, or gland components. 

f. Reduce the number of potential emission sources and 
pressure drop by minimizing the use of threaded connec- 
tions, flanges, fittings, and valves. 


4.1.8 Unless otherwise approved by the purchaser, piping 
shall be fabricated by bending and welding to minimize the 
use of flanges and fittings. Welded flanges are permitted 
only at equipment connections, at the edge of any base, and 
for ease of maintenance. The use of flanges at other points is 
permitted only with the purchaser’s specific approval. 
Flanges shall be in accordance with ANSI B16.5. Slip-on 
flanges are permitted only with purchaser’s specific ap- 
proval. Other than tees and reducers, welded fittings are per- 
mitted only to facilitate pipe layout in congested areas. 
Threaded connections shall be limited to the final connec- 
tions at the gland plate and accessories. Pipe bushings shall 
not be used. 


4.1.9 Pipe threads shall be tapered in accordance with 
ANSI B1.20.1. Flanges shall be in accordance with ANSI 
B16.5. For socket-welded construction, a 2.0 millimeter 
('/,,-inch) gap shall be left between the pipe end and the bot- 
tom of the socket. 


4.1.10 Connections, piping, valves, and fittings that are 
1-1/, inch, 2-'/, inch, 3-'/, inch, 5 inch, 7 inch, or 9 inch in 
size shall not be used. 


4.1.11 Piping, components, and appurtenances in Group I 
service shall have a pressure-temperature rating at least 
equal to the maximum allowable working pressure and 
temperature of the pump casing to which the system will be 
attached, but in no case shall they have a minimum pressure 
rating less than 40 bar (600 psi) at ambient temperature. 


4.1.12 When the pump casing to which the auxiliary tub- 
ing or piping system is to be attached is of alloy material, all 
components in contact with the process fluid during normal 
operating conditions shall be of a material having a corro- 
sion/erosion resistance equal to or better than the pump 
casing. 


4.1.13 Piping materials other than those shown in Table 6 
will be specified by the purchaser. 


4.1.14 The purchaser will specify when chlorides are pre- 
sent in a concentration above ten parts per million. Caution 
should then be used in applying stainless steel due to the po- 
tential for chloride corrosion cracking. 


4.1.15 The minimum size of any connection or piping 
shall be '/,-inch NPT (13 millimeters) nominal pipe size. 
Gland plate connections shall be in accordance with 2.3.17 


4.1.16 Piping systems furnished by the manufacturer 
shall be fabricated, installed in the shop, and properly sup- 
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ported. Bolt holes for flanged connections shall straddle 
lines parallel to the main horizontal or vertical centerline of 
the equipment. 


4.1.17 Welding shall be performed by operators and pro- 
cedures qualified in accordance with Section IX of the 
ASME Code. 


4.1.18 Tapped openings not connected to piping shall be 
plugged with solid round or solid hex head plugs furnished 
in accordance with ANSI B16.11. As a minimum, these 
plugs shall meet the material requirements of Table 6. Plugs 
that may later require removal shall be of corrosion-resistant 
material. Plastic plugs are not permitted. 

NOTE: Where pressure-tight joints are required, it is intended that taper 


pipe threads, including plugs, conforming to ANSI B1.20.1 be made up 
wrench-tight with a sealant. 


COMMENT: Threaded connections can sometimes leak resulting in un- 
wanted emissions to the atmosphere. In addition, galling of mating parts 
having similar hardness levels, such as stainless steel glands and piping, can 
occur. To avoid this, a thread sealant, which usually contains a lubricant, 
should be used. However, the user is cautioned that most commonly used 
compounds have a temperature limit in the range of 150° to 200°C (300°F 
to 400°F). In addition, to prevent contamination of the flush liquid, polyte- 
trafluoroethylene (PTFE) tape or paste should not be used. 


4.1.19 For primary ANSI service pressure ratings above 
62 bar (900 psi), block valves may be of welded-bonnet or 
no-bonnet construction with bolted gland; these valves shall 
be capable of being repacked under pressure. 


4.1.20 Pressure gauges shall have block-bleed valves. 


4.2. Mechanical Seal Flush/Cooling 
Systems (Group I) 


The purchaser and the mechanical seal manufacturer shall 
mutually agree as to which auxiliary seal flush plan or plans 
(Figures C-] through C-17) shall be furnished to meet the 
seal chamber pressure and temperature requirements of 
2.3.10. 


NOTE: Fluids having high vapor pressures, high temperatures, or that con- 
tain abrasives are common mechanical seal application problems. The abra- 
sives will generally cause rapid wear of the faces, while excessive heat from 
the pumped fluid, or as a result of friction, will damage the elastomers and 
distort seal components causing the seal to leak and fail. Always furnish a 
means of providing the seal with a clean, relatively cool, abrasive-free flush 
to lubricate and remove the heat generated by the seal faces and to prevent 
flashing at the seal faces. The type of flush plan required depends primarily 
on the characteristics of the fluid being sealed. A clean liquid from an out- 
side source may be used. However, the resulting contamination of the 
pumped product generally may make this type of flush undesirable. Fre- 
quently, a recirculated or bypass flush from the liquid being pumped is used. 
If necessary, this fluid flush can be cooled and any abrasive particles re- 
moved before it is injected into the seal. For dual mechanical seals, a com- 
bination of internal and/or external seal flush arrangements may be used. 


4.2.1. Only mechanically forced seal flush and barrier/ 
buffer fluid systems shall be provided. Systems that rely on 
a thermo-syphon to maintain circulation during normal oper- 
ation are not allowed. (See 4.6.) 
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4.2.2 Seal flush systems utilizing a fluid from an external 
source shall have provisions to monitor seal chamber pres- 
sure and flush pressure. Minimum requirements are a pres- 
sure gauge and block valve on either side of the gauge. 


4.2.3 Seal systems that utilize internal circulating devices, 
such as a pumping ring, that rely on the rotation of the me- 
chanical seal to maintain circulation shall be designed to 
thermo-syphon when the seal is not rotating. 


4.2.3.1. To allow removal of all trapped gas, these systems 
shall be provided with a vent at their highest point. 


4.2.3.2 A 300 series stainless steel tag shall be securely 
fastened to all coolers and reservoirs. In letters a minimum 
of 6 millimeters ('/, inch) high, this tag shall read: “IMPOR- 
TANT: ALL TRAPPED GAS MUST BE VENTED FROM 
THIS SYSTEM TO PREVENT DAMAGE TO THE 
MECHANICAL SEAL”. 


4.3. Quench Systems (Group Il) 


When specified by the purchaser or required by the ven- 
dor, an external quench (see Figures C-16 and C-17) shall 
be provided to the seal gland plate in accordance with the 
following: 


a. The design shall direct the quench to the seal face and 
secondary seals. 

b. Seals equipped with a water quench shall be designed to 
allow quench water to exit via the drain connection. 


NOTE: Quenching is the introduction of a fluid, usually water or steam, on 
the atmospheric side of a mechanical seal assembly for the purpose of cool- 
ing the seal or diluting the seal leakage. Quenching is normally applied 
where the material being sealed is noxious, flammable, oxidizes, polymer- 
izes, or will crystallize when dried. To prevent moisture or steam leakage 
from a quenched seal from entering the bearing housing and contaminating 
the lubricating oil, maximum containment of the quench fluid is recom- 
mended through the use of a gland plate equipped with a throttle bushing. 


c. When a steam quench is specified, the seal gland plate 
shall be equipped with an anti-coking baffle to distribute and 
direct the steam. 


COMMENT: This baffle directs the steam to the area where coke would 
tend to collect and routes the steam to carry material away from the seal and 
seal faces. 

By cooling the leakage on the atmospheric side of the seal faces a steam 
quench prevents coke formation and subsequent seal hang-up in hot (above 
150°C [300°F]) services. It also keeps viscous stocks thin when the pump is 
not running. If stocks thicken at the faces, seals may be damaged at start up. 

Less than 1 psig pressure of dry steam is necessary. 

Condensate collecting at the seal faces may vaporize and damage the seal 
faces. 


4.4 Cooling-Water Systems (Group Iil) 


4.4.1 The cooling-water system shall be designed for the 
conditions specified in Table 7. Provisions shall be made for 
complete venting and draining of the system. 


NOTE: The manufacturer shall notify the purchaser if the criteria for min- 
imum temperature rise and velocity over heat exchange surfaces result in a 
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conflict. The criterion for velocity over heat exchange surfaces is intended 
to minimize water-side fouling; the criterion for minimum temperature rise 
is intended to minimize the use of cooling water. 


4.4.2 When specified, galvanized pipe shall be used. 


4.4.3 When specified, sight flow indicators (open or 
closed as specified) shall be furnished in each outlet line. 


4.4.4 When specified, a manifold outlet valve shall be 
furnished. 


4.5 Accessories and Auxiliary System 
Components 


4.5.1 CYCLONE SEPARATOR 


When a cyclone separator is required per the seal flush 
specified, it shall be furnished in accordance with 4.5.1.1 
through 4.5.1.4. 


4.5.1.1 Unless otherwise specified, when a cyclone sepa- 
rator is provided, the seal flush system shall be designed so 
that the cyclone separator is the flow limiting device. 


4.5.1.2 Cyclone separators shall be selected to optimize re- 
moval of solids for a specific pump stage differential. When the 
pressure differential exceeds the cyclone separator design differ- 
ential, a flow orifice may be used. Cyclone separators shall not 
be used with a pressure differential less than 1.7 bar (25 psi). 


COMMENT: Many cyclone separators are misapplied. In order to effec- 
tively remove solids from the flush stream, the solids should have a density 
of at least twice that of the fluid. Some common materials frequently found 
in refinery process streams and their following approximate densities are 
listed in Table 8. 

Theretore, for most hydrocarbon services where, except for initial start 
up, the most likely solid contaminate is coke, a cyclone separator would 
most likely be ineffective. However, for inlet water pumps, taking suction 
from a river, bay, or well, a cyclone separator may work if properly in- 
stalled. Many users, however, specify cyclones for all pumps based on the 
assumption that during construction and major unit overhauls, debris, such 
as weld beads, sand, and stones, may get into the piping that would cause a 
seal failure during start up. 

The efficiency of separation (percent of solids out the top) of a cyclone 
also depends on differential pressure and particle size. As the differential 
pressure across the cyclone varies (increases or decreases) from the design 
differential, the separation efficiency usually is reduced. As the size of the 
particles decrease, separation efficiency also drops. 


Table 7— Conditions Affecting 
Cocling-Water System Design 


Condition Metric Customary 
Velocity over heat exchange surfaces 1.5—2.5 m/s 5-8 ft/s 
Maximum allowable working pressure 517 kPa 275 psig 
Test pressure 793 kPa 2115 psig 
Maximum pressure drop 1 bar 15 psi 
Maximum inlet temperature 32°C 90°F 
Maximum outlet temperature 49°C 120°F 
Maximum temperature rise 17°C 30°F 
Minimum temperature rise 6c 10°F 
Fouling factor on water side 0.35 m°.K/kw 0.002 hr-ft?-"F/Btu 
Shell corrosion allowance 3mm 0.125 in 
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4.5.1.3 For between bearing pumps, a separate cyclone 
separator shall be provided for each mechanical seal. 


4.5.1.4 Unless otherwise specified, cyclone separators 
shall be 300 series stainless steel. 


4.5.2 FLOW CONTROL ORIFICE 


The number and location of flow control orifices needed 
shall be determined by the vendor specified to furnish the 
auxiliary piping system, as specified in 4.1.3. 

NOTE: An orifice may be required in the seal flush system solely, or in con- 
junction with a throat bushing and/or cyclone separator to: 


a. Limit the seal flush circulation rate to the seal. 
b. Control the seal chamber pressure. 


4.5.2.1. Unless otherwise specified, when tubing is sup- 
plied, a blind/orifice tubing connector or connectors shall be 
supplied. When piping is specified, a plate orifice or orifices 
shall be furnished and mounted in the auxiliary piping be- 
tween a pair of flanges. Orifice unions are not allowed. 


4.5.2.1.1 All orifices shall have a minimum bore of 3 mil- 
limeters ('/,-inch). 


NOTE: Orifice bores of a diameter of less than 3 millimeters ('/,-inch) 
become blocked more easily and may cause a seal failure. 


4.5.2.1.2 Orifice plates shall be fabricated 300 series 
stainless steel having a tang that extends beyond the outside 
diameter of the flange. The tang shall be stamped with bore 
diameter (millimeter/inches), line size, and plate material. 


4.5.2.2 When multiple orifices are required, they shall be 
mounted in series a minimum of 150 millimeter (6 inches) 
apart. 


NOTE: Multiple orifices, installed in series, can be used if more pressure 
drop is required than can be taken in a single 3 millimeter ('/,-inch) orifice. 


Table 8— Approximate Densities of Materials 
Found in Refinery Process Streams 


Avg. Density 


Metric 
Substance kg/m? Ib/ft? 
Cement, sand, stone 2307 144 
Clay 1762 110 
Coke 513 32 
Earth (mud) 1538 96 
Gasoline (Sp. Gr. = 0.7) 721 45 
Glass 2595 162 
Kerosene 801 50 
Limestone 2355 147 
Paraffin 897 56 
Sand 2018 126 
Steel 7801 487 
Sulphur 2002 125 
Tar 1201 75 
Water 993 62 
Wood (pine) 432 27 


@ 4.5.2.3 When specified, an orifice nipple (not an orifice 


union) shall be furnished at the pump discharge and/or suc- 
tion nozzle to restrict leakage in the event of an auxiliary 
system pipe or component failure. 


4.5.3 SEAL FLUSH COOLERS 


External seal flush coolers mounted in the seal flush pip- 
ing may be considered as a viable means of creating the re- 
quired margin between the flushing fluid vapor pressure (at 
seal chamber temperature) and seal chamber pressure. (See 
2.3.10.) When furnished, external seal flush coolers shall be 
in accordance with 4.5.3.1 through 4.5.3.6. Requirements for 
coolers mounted within or integral to barrier/buffer fluid 
reservoirs are covered in 4.5.4.13. 


4.5.3.1 Seal flush coolers shall be sized for the seal man- 
ufacturer’s recommended seal flush flow rates but not less 
than 8 liters per minute (2 gpm) per seal. (See 4.4.2.) 


4.5.3.2 Unless otherwise specified, seal flush coolers shall 
be arranged with the seal flush fluid on the tube side and the 
cooling water on the shell side. 


NOTE: Cooling water lines should be heat traced in freezing climates. 


4.5.3.3 Unless otherwise specified, tubes shall be series 
300 stainless steel, */,-inch with 0.095-inch wall minimum 
size; the shell shall be carbon steel. 


4.5.3.4 The seal flush cooler shall be arranged for com- 
plete drainability on both the water and process sides. A 
drain valve (not just a plug) shall be mounted at the lowest 
point on the shell side. 


4.5.3.5 For all between bearing pumps, a separate external 
seal flush cooler shall be provided for each mechanical seal. 


4.5.4 DUAL SEAL BARRIER/BUFFER FLUID 
RESERVOIRS 


When a dual seal barrier/buffer fluid reservoir is specified, 
the purchaser and the mechanical seal manufacturer shall 
mutually agree on the sizing, instrumentation requirements, 
fluid selection, and general arrangement. 


4.5.4.1 Unless otherwise specified, the barrier/buffer fluid 
reservoir shall be arranged in accordance with 4.5.4.1.1 
through 4.5.4.1.8. (See Figures C-18 and C-19.) 


4.5.4.1.1. A separate reservoir shall be furnished for each 
mechanical seal. 


4.5.4.1.2 The barrier/buffer fluid reservoir shall be 
mounted on a substantial support furnished by the manufac- 
turer specified on the data sheet and should not be affected 
by pump vibration. (See 4.1.3.) 


4.5.4.1.3. The height of the normal liquid level (NLL) in 
the barrier/buffer fluid reservoir above the gland plate of the 
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associated pump shall be established by the seal manufac- 
turer but not less than 1 meter (3 feet). It shall be based on 
required flow rate, barrier/buffer fluid ambient conditions, 
reservoir location, system hydraulic resistance, and the pos- 
itive circulating device’s head versus flow performance char- 
acteristics and net positive suction head requirements. 


4.5.4.1.4 In order to reduce the pressure drop within the 
system, the length of the lines and the use of fittings between 
the reservoir and seal gland shali be minimized. All lines 
shall slope up from the pump gland to the reservoir at a 
minimum of 10 millimeters ('/,-inch) per 250 millimeters 
(1 foot) using smooth long radius bends. 


COMMENT: Barrier/buffer fluid reservoirs should be located as close to the 
pump as possible while leaving sufficient room for operation and mainte- 
nance. Reservoirs should not be located directly above the pump and should 
not be affected by pump vibration. Hot lines should be insulated as neces- 
sary for safety. 


4.5.4.1.5 Unless otherwise specified, the reservoir shall 
be provided with a valved high point vent and an indepen- 
dent fill connection. 


COMMENT: When designing the vent piping to a vapor recovery system, 
the purchaser should take into account the potential for condensation of hy- 
drocarbon vapors from other sources connected to that system. Additional 
condensation collection vessels and/or heat tracing of the vent lines may be 
required to avoid build-up of a static liquid head in the vent piping and the 
possible contamination of the barrier/buffer fluid. 

A method of filling the reservoir must be considered during the engineer- 
ing phase of a project to install external barrier/buffer fluid reservoirs. Pro- 
vide a means to fill the seal pot under pressure (to prevent a pressure 
teversal for barrier fluid applications). A closed fill system, one which en- 
ables the operator to fill the pot without exposure to the barrier/buffer fluid, 
should be considered. Manual filling is discouraged. It should be possible to 
fill the reservoir from grade level for safety and operability. A system that 
requires the use of a ladder or step is unacceptable. Whatever system is in- 
corporated, adequate instrumentation and pressure relief protection must be 
provided to prevent the inadvertent over-pressurization of the reservoir or 
the system. 

Some examples include: 


a. Acentrally located tank which is hard piped to various reservoirs and/or 
day tanks utilizing gravity fill, a transfer pump, or inert gas pressure to 
transfer the barrier/buffer fluid. 

b. A hand pump which can be connected to a day tank or drum with a hose 
or removable spool piece. 

c. Asmall vessel located adjacent to the reservoir which can be pressured 
with an inert gas to force the barrier/buffer fluid into the reservoir. 


Disposal of contaminated fluid must be considered in the design of the 
barrier/buffer fluid reservoir installation. Any hardware required to accom- 
plish this should be included in the system design. 


4.5.4.1.6 When furnished, flow control orifices shall be in 
accordance with 4.5.2. 

COMMENT: Frequently, buffer fluid reservoirs are continuously vented to 
a vapor recovery system. A flow control orifice, sized specifically for the 


system, is normally installed in the vent line to restrict the flow from the 
reservoir and to provide a back pressure on it. 


4.5.4.1.7 Unless otherwise specified, the reservoir shall 
be equipped with a pressure switch and a pressure gauge 
sensing the vapor space above the high liquid level (HLL) 
in the reservoir. The purchaser shall specify if the switch 
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shall alarm on an increasing (high) pressure or a decreasing 
(low) pressure. 

COMMENT: Unpressurized dual seal arrangements equipped with a buffer 
fluid reservoir normally utilize a high pressure alarm indicating that the pri- 
mary seal has failed. Pressurized dual seal arrangements equipped with a 


barrier fluid reservoir normally utilize a low pressure alarm indicating a 
drop or loss of barrier fluid pressure. 


4.5.4.1.8 Unless otherwise specified, the reservoir shall 
be equipped with a Low Level Alarm (LLA) switch and, 
when specified, High Level Alarm (HLA) switches are Data 
Sheet items. 


4.5.4.1.9 Instrumentation furnished within the scope of 
supply of the barrier/buffer fluid reservoir manufacturer shall 
be in accordance with Section 5. 

COMMENT: Additional instrumentation and control devices, such as pres- 
sure regulators, pressure switches, and temperature indicators, may be spec- 


ified by the customer depending on the unique requirements for each 
specific installation. 


4.5.4.2 Unless otherwise specified, the reservoir shall be 
designed to meet the sizing criteria of 4.5.4.2.1 through 
4,5.4.2.7. (See Figures C-18 and C-19.) 


4.5.4.2.1. | The volume of liquid in the reservoir, at NLL, 
shall be a minimum of 20 liters (5 gallons). 


4.5.4.2.2 The NLL shall be at least 150 millimeters (6 
inches) above the LLA point. 


COMMENT: A distance of 150 millimeters (6 inches) allows a convenient 
visual reference. 


4.5.4.2.3 The volume of the vapor space in the reservoir 
above the NLL shall be equal to or greater than the liquid 
volume between the NLL and the low level alarm (LLA) 
point. 

COMMENT: The requirements in 4.5.4.2.2 and 4.5.4.2.3 provide adequate 


volume capacitance to allow for fluctuations in level while ensuring ade- 
quate vapor space above the liquid. 


4.5.4.2.4 The high liquid level (HLL) alarm point, when 
furnished, shall be at least 5O millimeters (2 inches) above 
the NLL. 

COMMENT: A distance of 50 millimeters (2 inches) minimizes the inven- 


tory of leaked product entering the reservoir while providing sufficient vol- 
ume to prevent spurious alarms due to normal fluctuations in levels. 


4.5.4.2.5 The low level alarm point shall be at least 50 
millimeters (2 inches) above the top of the return connection. 


COMMENT: The level specified in 4.5.4.2.5 allows the level to fluctuate 
but still cover the retum nozzle. 


4.5.4.2.6 The barrier/buffer return (inlet) to the reservoir 
shall be a minimum of 250 millimeters (10 inches) above the 
barrier/buffer supply (outlet) connection. 


4.5.4.2.7 The barrier/buffer supply (outlet) from the 
reservoir shall be a minimum of 50 millimeters (2 inches) 
above the bottom of the reservoir. In addition, a valved 
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drain connection, orientated to allow complete draining, 
shall be provided at the bottom of the reservoir. 
COMMENT: Having the supply line come off the reservoir above the bot- 


tom prevents any particulate that may have settled out in the reservoir from 
being carried into the mechanical seal. 


4.5.4.3 The barrier/buffer fluid reservoir shall be fabri- 
cated in accordance with 4.5.4.3.1 through 4.5.4.3.8. 


4.5.4.3.1. The standard reservoir shall be in accordance 
with Figure C-18. When specified, the standard option shall 
be in accordance with Figure C-19. 


4.5.4.3.2 The reservoir is part of the pump piping system. 
Unless otherwise specified or required by local code, the 
reservoir shall be designed, fabricated, and inspected per 
ASME B31.3 using piping components. 


4.5.4.3.3 Unless otherwise specified, the reservoir shall 
be fabricated from an 8-inch, schedule 40 pipe. 

COMMENT: When the reservoir is built entirely of piping components, the 
ANSI standard can be applied and provides adequate design just as the 
pump suction and discharge piping. It is the user’s responsibility to ensure 
that local codes do not mandate that reservoirs be built in accordance with 
Section VIII, Division 1 of the ASME code. While the ANSI B31.3 pressure 
rating is the same as the ASME Section VIII rating in many cases, in some 
instances the ANSI B31.3 rating is slightly higher than the Section VIII rat- 
ing. This is because the allowable stress in B31.3 uses one-third of tensile 
strength while ASME Section VIII uses one-fourth of tensile strength. This 
point is usually academic since the flange ratings usually govern the design 
pressure. 


4.5.4.3.4 A nameplate, stamped with the MAWP, hydro- 
static test pressure, and the maximum allowable temperature, 
shall be permanently attached to the reservoir. 


4.5.4.3.5 The standard barrier/buffer fluid reservoir level 
gauge shall be a reflex, weld pad with a visible range extend- 
ing from below the low level alarm point to a minimum of 
75 millimeters (3 inches) above the NLL or, if furnished, 
25 millimeters (1 inch) above the high level alarm point, 
whichever is greater. The standard alternate shall be an exter- 
nally mounted level gauge extending over the same range. 


4.5.4.3.6 Unless otherwise specified, the barrier/buffer 
fluid reservoir and any piping or components welded directly 
to the reservoir shall be 316L stainless steel. 

NOTE: The seal manufacturer shall confirm that the temperature at the exit 
of the orifice in the vent line from the reservoir is above the nil ductility 
transition temperature for the materials of construction. The effects of bar- 
rier/buffer fluid temperature and autorefrigeration of leakage across the ori- 


fice shall be reviewed to determine the design temperature of the 
components. 


4.5.4.3.7 Unless otherwise specified, lines connecting the 
barrier/buffer fluid reservoir to the mechanical seal shall be 


34, inch minimum, 300 series stainless steel tubing in accor- 
dance with Table 6. 


4.5.4.3.8 When specified, the standard option shall be 
3/, inch minimum, schedule 80, 300 series stainless steel pipe 
in accordance with Table 6. 
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4.5.4.3.9 Unless otherwise specified, all connections to 
the reservoir shall be threaded. 


4.5.4.4 Unless otherwise specified, the barrier/buffer fluid 
reservoir shall be equipped with a cooler in accordance with 
4.5.4.1 through 4.5.4.4. 


4.5.4.4.1. The thermal sizing criteria for the cooler shall 
be provided by the mechanical seal manufacturer (4.4.2). 
The seal manufacturer shall confirm that the selected reser- 
voir cooler will meet the expected thermal duty requirements 
at the site utility conditions specified on the data sheets. 

COMMENT: While it is expected that there will be standard size coolers 
based on the length of the reservoir, the seal manufacturer needs to take into 
account several factors when specifying the minimum size cooler needed, 
including internal circulating device or external circulator flow rates, the 


need for thermo-syphon, cooling water parameters, and characteristics of 
the barrier/buffer fluid. 


4.5.4.4.2 The cooler shall be mounted internally to the 
reservoir such that the top of the coil is below the bottom of 
the return (inlet) connection. The cooling water shall be on 
the tube side. 


4.5.4.4.3 The tubes shall be series 300 stainless steel, 
1, inch with 0.065-inch minimum wall thickness. No tubing 
connectors, fittings, or seams mounted internal to the reser- 
voir are allowed. 


4.5.4.4.4 Reservoirs equipped with coolers that will not 
be used in the field installation shall have the cooling water 
inlet and outlet connection plugged in accordance with 
4.1.19. The water side of the cooler shall be arranged for 
complete drainability. 


4.5.5 BARRIER/BUFFER FLUID SELECTION 
CRITERIA 


4.5.5.1 The purchaser will specify on the data sheets the 
characteristics of the barrier/buffer fluid. (See Appendix B, 
Sheet 10.) 


4.5.5.2 When specified, the seal and/or pump manufac- 
turer will review the purchaser’s selection of a barrier/buffer 
fluid. 


4.6 Barrier/Buffer Fiuid and Seal Flush 
Positive Circulating Devices 


4.6.1 GENERAL 


When dual! seals or a Plan - 23 seal flush system is speci- 
fied, a positive circulating arrangement, such as an internal 
circulating device, an external circulating pump, or a flow- 
through system from an external source, is required to ensure 
positive circulation of the barrier/buffer fluid or seal flush to 
the seal. The purchaser will specify which type of circulating 
device is to be provided. 
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4.6.2 INTERNAL CIRCULATING DEVICE 


When an internal circulating device is specified, the seal 
manufacturer shall furnish a mechanical seal assembly in ac- 
cordance with 4.6.2.1 through 4.6.2.4, 


4.6.2.1. The performance curve (head rise versus flow 
rate) of the internal circulating device shall exceed the circu- 
lation system resistance curve, using the specified barrier/ 
buffer fluid, at the required fluid flow rate, at all operating 
and start up conditions. The manufacturer shall provide the 
system resistance curve based upon the accessory compo- 
nents supplied, the specific barrier/buffer fluid, and the 
maximum installation criteria on Figures C-20 and C-21. 
(See 4.1.3.) 


NOTE: This needs to be looked at very carefully for pump speeds of 1800 
RPM or less and those equipped with variable speed drivers. 


4.6.2.2 The seal manufacturer shall provide the following 
curves for the internal circulating device: head versus flow 
performance based on actual test results, the net positive suc- 
tion head required (NPSH,) versus flow, and the seal flush 
system net positive suction head available (NPSH,) versus 
flow. 


4.6.2.3 Designs of internal circulating devices that rely on 
maintaining close clearance between the rotor and the seal 
chamber bore require purchaser approval. (See 2.3.3.1.) 


4.6.2.4 Designs of mechanical seals utilizing internal cir- 
culating devices shall ensure that the device’s inlet and out- 
let ports properly align with the barrier/buffer fluid or seal 


flush supply and return connections when installed in the 
seal chamber, 


4.6.3 EXTERNAL CIRCULATING PUMP 


4.6.3.1. When specified, or when an internal circulating 
device cannot be provided to meet desired flow, an external 
forced circulation pump will be required. Circulation pump 
selection shall be mutually agreed upon by the purchaser and 
the seal manufacturer. 

NOTE: Where a failure of the external circulating pump could potentially 


result in a failure of the mechanical seal in the main pump, an interlock be- 
tween the circulating pump and the main pump should be considered. 


4.6.3.2 Motors, electrical components, and electrical in- 
stallations shall be designed and manufactured for the area 
classification (class, group, and division) specified by the 
purchaser on the data sheets and shall meet the requirements 
of NFPA 70, Articles 500-502, as well as local codes speci- 
fied and furnished by the purchaser. 


4.6.4 EXTERNAL SEAL FLUSH SYSTEMS 


4.6.4.1 When an external source of seal flush fluid is 
specified (Figures C-10 and C-17), the purchaser will specify 
the fluid characteristics. The seal manufacturer shall specify 
the volume, pressure, and temperature required, where these 
are factors. 


4.6.4.2 When specified, the seal and/or pump manufac- 
turer will review the purchaser’s selection of external flush 
fluid. 


SECTION 5—INSTRUMENTATION 


5.1 General 


5.1.1 Instrumentation and installation shall conform to 
any detailed specifications in the purchaser’s inquiry or order 
or both. When no detailed specifications are furnished, in- 
strumentation and installation shall conform to the require- 
ments listed in this section. 


5.1.2 Unless otherwise specified, controls and instrumen- 
tation shall be suitable for outdoor installation. 


5.1.3 Controls and instrumentation shall be made of ma- 
terials compatible with the environment and fluids to which 
they will be exposed. Special consideration shall be given to 
all controls and instrumentation exposed to the pumped fluid 
and barrier/buffer fluid (if any) such as level gauges and 
switches. 


5.2 Temperature Indicating Gauges 


5.2.1 Dial temperature gauges shall be heavy duty and 
corrosion-resistant. They shall be bi-metallic or liquid filled 


with a rigid stem suitable for mounting as needed. Mercury 
filled thermometers are not acceptable. Black printing on a 
white background is standard for gauges. 


5.2.2 Dial temperature gauges shall be installed in pipe 
sections or in tubing runs as specified. 

COMMENT: Auxiliary equipment may be either piping or tubing. There- 
fore, owner must specify if gauges should or should not be placed in tubing 
or pipe. 

5.2.3 The sensing elements of temperature gauges shall be 
in the flowing fluid to the depth specified by the gauge 
manufacturer, 


5.2.4 Temperature gauges installed in tubing shall be a 
minimum of 38 millimeters (1-1/, inch) in diameter, and the 
stem shall be a minimum of 50 millimeters (2 inches) long. 
All other gauges shall be a minimum of 90 millimeters 
(3-1/, inch) in diameter, and the stem shall be a minimum of 
75 millimeters (3 inches) long. 


COMMENT: The use of 90 millimeter (3.5 inch), instead of standard 125 mil- 
limeter (5 inch) is due to the normally small size of piping used in seal systems. 
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5.3 Thermowells 


Temperature gauges that are in contact with flammable or 
toxic fluids or that are located in pressurized or flooded lines 
shall be furnished with separable threaded solid-bar ther- 
mowells made of AISI Standard Type 300 stainless steel or 
another material more compatible with the liquid as defined 
by the manufacturer. Thermowells installed in piping shall 
be '/, inch NPT minimum. Thermowells for use in tubing 
shall be approved by the purchaser. 


NOTE: Thermowell designs and installation should not restrict liquid flow. 


5.4 Pressure Gauges 


5.4.1 Pressure gauges shall conform to ANSI/ASME 
Standard B.40.1 grade 2A. 


5.4.2 Pressure gauges (not including built-in instrument 
air gauges) shall be furnished with AISI Standard Type 316 
stainless steel bourdon tubes or other material more compat- 
ible with the liquid, stainless steel movements, and '/, inch 
NPT male alloy steel connections with wrench flats. Gauges 
installed in tubing shall have 64 millimeter (2-'/, inch) diam- 
eter dials. Gauges not installed in tubing shall have 114 mil- 
limeter (4-'/, inch) diameter dials [152 millimeter (6-inch) 
dials for the range over 55 bar (800 pounds per square inch)]. 
Black printing on a white background is standard for gauges. 
Gauge ranges shall be selected so that the normal operating 
pressure is at the middle of the gauge’s range. In no case, 
however, shall the maximum reading on the dial be less than 
the applicable relief valve setting plus 10 percent. Each pres- 
sure gauge shall be provided with a device such as a disk in- 
sert or blowout back designed to relieve excess case pressure. 


5.4.3 When specified, oil filled gauges shall be furnished. 


5.5 Switches 
5.5.1 ALARM, TRIP AND CONTROL SWITCHES 


5.5.1.1. Each alarm switch, each shutdown switch, and 
each control switch shall be furnished in a separate housing 
located to facilitate inspection and maintenance. Hermetically 
sealed, double pole, double throw switches with a minimum 
rating of 5 amperes at 120 volt AC and '/, ampere at 120 volts 
DC shall be used. Mercury switches shall not be used. 


5.5.1.2 Unless otherwise specified, electrical switches 
that open (de-energize) to alarm and close (energize) to trip 
shall be furnished. 


§.5.1.3 Alarm and trip switch settings shall not be ad- 
justable from outside the housing. Alarm and trip switches 
shall be arranged to permit testing of the control circuit, in- 
cluding, when possible, the actuating element, without inter- 
fering with normal operation of the equipment. 


COMMENT: If a shutdown system is being purchased, the need for bypass 
indication and testing features should be considered. 
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5.5.1.4 Pressure sensing elements shall be of AISI Stan- 
dard Type 300 stainless steel. Low pressure alarms, which 
are activated by falling pressure, shall be equipped with a 
valved bleed or vent connection to allow controlled depres- 
surizing so that the operator can note the alarm set pressure 
on the associated pressure gauge. High-pressure alarms, 
which are activated by rising pressure, shall be equipped 
with valved test connections so that a portable test pump can 
be used to raise the pressure. 


5.5.1.5 All switches sensing the same variable shall have 
re-set ranges such that changing the variable to re-set one 
switch does not activate other switches. 

COMMENT: Level switches may have a dead band wide enough to activate 


other switches during re-setting. This is especially true when dealing with 
the small volumes associated with dual seal reservoirs. 


5.5.2 PRESSURE SWITCHES 


5.5.2.1 Pressure switches shall have over-range protection 
to the maximum pressure to which the switch may be ex- 
posed. Switches exposed to vacuum shall have under-range 
protection to full vacuum. 


5.5.2.2 The measuring element and all pressure contain- 
ing parts shall be AISI Standard Type 316 stainless steel un- 
less the pumped fluid requires the use of alternate materials 
as determined by the seal manufacturer. Unless otherwise 
specified, pressure switches shall be bellows or diaphragm. 
Connections for pressure input shall be '/, inch NPT. Con- 
nections for air transmission signals shall be '/, inch NPT. 


5.5.3 LEVEL SWITCHES 


Unless otherwise specified, level switches shall be hydro- 
static, capacitance, or ultrasonic as indicated on the data 
sheet. 


5.6 Level Indicators 


5.6.1. The standard level indicator shall be the weld pad 
reflex design. 


5.6.2 When specified, an externally mounted, removable, 
reflex indicator shall be furnished instead of the standard 
weld pad design. 


5.7 Flow Indicators 


5.7.1 When used, flow indicators shall be steel body 
nonrestrictive bull’s eye. 


5.7.2 To facilitate viewing of flow through the line, each 
flow indicator should be installed with its bull’s-eye glass in 
a vertical plane. The diameter of the bull’s-eye shall be at 
least one-half the inside diameter of the line in which it is in- 
stalled and shall clearly show the minimum flow. 
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5.8 Relief Valves 


5.8.1 The manufacturer shall furnish the relief valves that 
are to be installed on equipment or in piping and tubing that 
the manufacturer is supplying. Other relief valves will be 
furnished by the purchaser. Relief valves for all operating 
equipment shall meet the limiting relief valve requirements 
defined in API RP 520, Parts I and II, and in API Standard 
526. The manufacturer shall determine the size and set pres- 
sure of all relief valves related to the equipment. The manu- 
facturer’s quotation shall list all relief valves and shall 


clearly indicate those to be furnished by the manufacturer. 
Relief valve settings, including accumulation, shall take into 
consideration all possible types of equipment failure and the 
protection of piping systems. 


5.8.2 Unless otherwise specified, relief valves shall have 
steel bodies. 


5.8.3 When specified, thermal relief valves shall be pro- 
vided for components that may be blocked in by isolation 
valves. 


SECTION 6—INSPECTION, TESTING, AND PREPARATION FOR SHIPMENT 


6.1 General 


6.1.1. After advance notification, the purchaser’s represen- 
tative shall have entry to all manufacturer and sub-manufac- 
turer plants where manufacturing, testing, or inspection of 
the equipment is in progress. 


6.1.2 The manufacturer shall notify sub-manufacturers of 
the purchaser’s inspection and testing requirements. 


6.1.3 The manufacturer shall provide sufficient advance 
notice to the purchaser before conducting any inspection or 
test that the purchaser has specified should be witnessed or 
observed, 


6.1.4 The purchaser will specify the extent of his partici- 
pation in the inspection and testing and the amount of ad- 
vance notification he requires. 


6.1.5 Witness testing means that a hold shall be applied to 
the production schedule and that the inspection or test shall 
be carried out with the purchaser or his representative in 
attendance. 


6.1.6 The purchaser’s representative shall have access to 
the manufacturer’s quality control program for review. 


6.1.7 Equipment for the specified inspection and tests 
shall be provided by the manufacturer. 


6.1.8 When specified, the purchaser’s representative, the 
seal manufacturer’s representative, or both, shall indicate 
compliance in accordance with the inspector’s checklist (see 
Appendix H) by initialing, dating, and submitting the com- 
pleted checklist to the purchaser before shipment. 


6.2 


6.2.1. Pressure-containing parts shall not be painted until 
the specified inspection of the parts is completed. 


6.2.2 In addition to the requirements of 2.7.1, the pur- 
chaser may specify the following: 


Inspection 
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a. Parts that shall be subjected to surface and subsurface 
examination. 

b. The type of examination required, such as magnetic particle, 
liquid penetrant, radiographic, or ultrasonic examination. 


6.2.3. When radiographic, ultrasonic, magnetic particle, or 
liquid penetrant inspection of welds or materials is required 
or specified, the criteria in 6.2.2 through 6.2.5 shall apply un- 
less other criteria are specified by the purchaser. Welds, cast 
steel, and wrought material may be inspected in accordance 
with 6.2.2.2 through 6.2.2.5, 


6.2.4 Radiography shall be in accordance with ASTM E 
94 and ASTM E 142. 


6.2.5 The acceptance standard used for welded fabrica- 
tions shall be Section VID, Division 1, UW-52 of the ASME 
Code. The acceptance standard used for castings shall be 
Section VIII, Division 1, Appendix 7 of the ASME Code. 


6.2.6 Ultrasonic inspection shall be in accordance with 
Section V, Articles 5 and 23 of the ASME Code. 


6.2.7 The acceptance standard used for welded fabrica- 
tions shall be Section VIII, Division 1, Appendix 12 of the 
ASME Code. The acceptance standard used for castings 
shall be Section VIII, Division 1, Appendix 7 of the ASME 
Code. 


6.2.8 Both wet and dry methods of magnetic particle in- 
spection shall be in accordance with ASTM E 709. 


6.2.9 The acceptance standard used for welded fabrica- 
tions shall be Section VHI, Division 1, Appendices 6 and 25 
of the ASME Code. The acceptability of defects in castings 
shall be based on a comparison with the photographs in 
ASTM E 125. For each type of defect, the degree of severity 
shall not exceed the limits specified in Table 9. 


6.2.10 Liquid penetrant inspection shall be in accordance 
with Section V, Article 6 of the ASME Code. 


6.2.11 The acceptance standard used for welded fabrica- 
tions shall be Section VIH, Division 1, Appendices 8 and 24 
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Table 9—Maximum Severity of Defects in Castings 


Maximum 
Type Defect Severity Level 

I Linear discontinuities 1 

Tl Shrinkage 2 
Il Inclusions 2 
IV Chills and caplets 1 

Vv Porosity 1 
VI Welds 1 


of the ASME Code. The acceptance standard used for cast- 
ings shall be Section VIII, Division 1, Appendix 7 of the 
ASME Code. 

NOTE: Regardless of the generalized limits in 6.2.2, it shall be the manu- 
facturer’s responsibility to review the design limits of the equipment in the 
event that more stringent requirements are necessary. Defects that exceed 


the limits imposed in 6.2.2 shal! be removed to meet the quality standards 
cited, as determined by the inspection method specified. 


6.2.12 During assembly of the system and before testing, 
each component (including cast-in passages of these compo- 
nents) and all piping and appurtenances shall be cleaned 
chemically or by another appropriate method to remove for- 
eign materials, corrosion products, and mill scale. 


6.2.13 When specified, the hardness of parts, welds, and 
heat-affected zones shall be verified as being within the al- 
lowable values by testing of the parts, welds, or zones. The 
method, extent, documentation, and witnessing of the testing 
shall be mutually agreed upon by the purchaser and the 
manufacturer. 


6.3 Testing 


The seal testing sequence is shown in Figure G-1. 
6.3.1 SEAL MANUFACTURER QUALIFICATION 
TESTING 


6.3.1.1 Purpose 


6.3.1.1.1 In order to provide the end user with a high de- 
gree of confidence that the seal being offered shall perform 
to the scope of this standard, each seal or system shall be 
suitably tested prior to its market availability. The qualifica- 
tion test does not constitute an acceptance test. The intent is 
not to test every individual seal size in all fluids, but to qual- 
ify the overall design per the requirements of 6.3.1.3. 


COMMENT: This qualification test is to provide the end user with factual 
proof of the seal’s ability to perform reliably in various environments. 


6.3.1.1.2 When specified, optional testing shall be per- 
formed as mutually agreed upon by the seal manufacturer 
and the purchaser. 


COMMENT: The purchaser has the option to specify test conditions that 
may be different from the standard qualification test, as applicable. 
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6.3.1.2 Scope of Test 


Each seal type (A, B, or C as shown in Appendix B) from 
each seal application group shall be tested on an appropriate 
test rig by the seal manufacturer in accordance with 6.3.1.2 
and 6.3.1.3. The qualification test seals shall be of the same 
configuration, type, design, and materials (including face 
material types, vendors, and grades) as offered in the seal se- 
lection procedure (Appendix B) and proposed for the com- 
mercially available seal design. 


6.3.1.2.1 | The various seal types shall be tested in four 
different test fluids that model the fluids shown in the three 
application groups from the seal selection procedure (Appen- 
dix B). The test fluids are water, propane, 20 percent NaOH 
solution, and mineral oil. The mineral oil is a white mineral 
oil base formulation capable of stable operations at high tem- 
peratures up to 315°C (600°F), such as Multitherm PG-1. 
Table 10 identifies the test fluid for each application group. 
COMMENT: The test fluids were selected to mode] the behavior of the flu- 
ids described in the seal selection procedure (Appendix B). The properties 
of the test fluids are representative of the properties of the fluids shown in 
the application groups (for example, viscosity, corrosiveness, crystallization, 
vapor pressure, hydrocarbon, or non-hydrocarbon). The test fluids selected 


were considered to be readily available and safe for testing in a laboratory 
environment. 


6.3.1.2.2 Each qualification test for each test fluid shall 
consist of three phases (see Figures 23 through 27): 


a. The dynamic phase shall be tested at constant tempera- 
ture, pressure, and speed (base point). 

b. The static phase shall be tested at 0 RPM using the same 
temperature and pressure as the dynamic phase. 

c. The cyclic phase shall be tested at varying temperatures 
and pressures including start-ups and shut-downs. For 


Table 10—Test Fluid and Application Group 
Selection Chart? 


Test Fluids 


Application Group NaOH Mineral 
(20%) Oil 


Water Propane 


Non-Hydrocarbons 


Water x 

Sour Water x 

Caustic x 

Acid x 

Non-Flashing Hydrocarbons 

—-40° to -7°C (—40°to +20°F) x 

~7° to 150°C (20° to 300°F) x 
150° to 260°C (300° to 500°F) x 
Flashing Hydrocarbons 

-40° to —7°C (—40°%to +20°F) x 

—7° to 38°C (20° to 100°F) x 

38° to 150°C (100° to 300°F) x 


aSee Appendix B. 


Information Handling Services, 


API STD*b8e 94 MM O73e290 0540291 O7b 


34 API STANDARD 682 


Base point conditions 


Pressure cycle 


Temperature cycle 
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Test fluid: water 


Figure 23—-Water Test Parameters 


Absolute vapor pressure, bar 


Fluid temperature, °C 
Test fluid: Propane 


Figure 24—Propane Test Parameters 
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Base point conditions 
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Fluid temperature, °C 
Test fluid: 20% NaOH + Water 


Figure 25— Caustic (NaOH) Test Parameters 
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Fluid temperature, °C 
Test fluid: Mineral oil 


Figure 26—Mineral Oil Test Parameters for Applications Between —7°C and 150°C (20°F and 300°F) 
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flashing hydrocarbons, the cyclic test phase will include 
excursions into vapor and back to liquid (flash and recovery). 
NOTE: For the dynamic and static test phases, base point conditions are 


determined per 2.3.10 (50 psig margin above the vapor pressure at test 
temperature). 


COMMENT: These phases were selected to qualify the seal type for the 
operating ranges (temperatures and pressures) defined in each application 
group. Figures 23 through 27 show a graphical representation of the test 
operating parameters for all three phases and each test fluid. The test phases 
were selected to model actual pump operating conditions such as normal 
running, upset, standby, and start-up/shut-down. 


6.3.1.2.3. For dual seal arrangements: 


a. Demonstrate the performance of the seal without the 
outer seal and the barrier/buffer fluid. 

b. Demonstrate the performance of the seal with the outer 
seal and the barrier/buffer fluid. 


COMMENTS: The leakage scenarios for dual seal arrangements are: 


Barrier/buffer fluid to pumpage. 
Barrier/buffer fluid to atmosphere. 
Pumpage to atmosphere. 
Pumpage to buffer fluid. 


Boop 


6.3.1.2.4 The seal sizes tested, for each seal type and test 
fluid, shall be 50 millimeters (2 inches) and 100 millimeters 
(4 inches). 

COMMENT: Approximately 90 percent of the seal applications fall 
between 30 millimeters and 120 millimeters seal size (1.5 inches and 


4.5 inches). The testing of sizes 50 millimeters (2 inches) and 100 milli- 
meters (4 inches) is considered representative of the range of sizes 


Absolute pressure, bar 


identified. The performance of sizes between the test sizes is considered 
to be similar to the test sizes. For seals smaller than 30 millimeters 
(1-'/, inches) and larger than 120 millimeters (4-'/, inches) seal size diam- 
eter, or intended for rotational speeds greater than 3600 RPM, additional 
qualification testing should be considered. 


6.3.1.3 Test Procedure 


The test sequence shall be in accordance with paragraphs 
6.3.1.3.1 through 6.3.1.3.9 and as shown in Figure G-2. The 
test will consist of dynamic, static, and cyclic phases. The 
three test phases shall be run consecutively, without disas- 
sembly of the seal. 


6.3.1.3.1. The dynamic phase of the qualification test shall 
be operated continuously for a minimum of 100 hours at 
3600 RPM under the base point conditions, as specified in 
Table 9. 


6.3.1.3.2 The static phase of the qualification test shall 
run for a minimum of four hours at 0 RPM (shut-down) and 
the base point conditions as specified in Table 11. No rota- 
tion of the shaft is allowed during the static test. 


6.3.1.3.3 The cyclic phase of the qualification test shall 
be at the temperatures and pressures specified in Table 11 
and performed as follows: 


a. The seal shall operate at base point pressure and temper- 
ature conditions and at 3600 RPM until equilibrium has been 
established. 


Fl Pressure cycle 
ae 


Base point conditions 


ic 


Temperature cycle 


100 125 15 175 


200 225 250 275 300 


Fluid temperature, °C 
Test fluid: Mineral oil 


Figure 27—Mineral Oil Test Parameters for Applications Between 150°C and 260°C (300°F and 500°F) 
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b. Drop pressure to cause all fluid in the seal chamber to 
vaporize or 0 psig for non-flashing fluids. Re-establish base 
pressure. 

c. Drop fluid temperature in the seal chamber to the mini- 
mum cyclic test temperature in Table 11. Re-establish base 
point conditions. 

d. Raise the fluid temperature in the seal chamber to the 
maximum cyclic test temperature in Table 11. Re-establish 
the base point conditions. For the mineral oil tests, after the 
base condition is reached, raise the fluid pressure in the seal 
chamber to the maximum cyclic test pressure in Table 11. 
Re-establish the base point conditions, 

e. The seal flush shall be turned off for one minute. 

f. The test shall be shut-down (0 RPM) for a minimum of 
10 minutes. 

g. Establish base point conditions and operate at 3600 
RPM. 

h. Repeat steps b through g three additional times. 

i. Repeat steps b through e. 

j. Re-establish flush and allow test seal to reach equilib- 
rium conditions (including emissions for hydrocarbons) at 
the base point. 

k. The test shall be shut-down (0 RPM). Maintain base 
point conditions for a minimum of 10 minutes. 


6.3.1.3.4 Measurements, as specified on the Qualification 
Test Results Form (Figure G-3), shall be recorded at the 
times indicated on Figure G-2. 


6.3.1.3.5 The temperature and pressure measurements are 
values taken to be representative of the majority of the seal 
chamber volume of fluid. 


6.3.1.3.6 Leakage concentration for VOC test fluids shall 
be measured with an organic vapor analyzer in accordance 


with Method 21 (Appendix A of Title 40, Part 60 of the 
Code of Federal Regulations). 
COMMENT: This method of emission measurement is a concentration of 


VOC in the environment immediately surrounding the seal, not a VOC leak- 
age rate. Allow time for the analyzer to complete measurements. 


6.3.1.3.7 All gauge ranges shall preferably be selected so 
that the normal operating point is at the middle of the 
gauge’s range. 


6.3.1.3.8 Instruments and methods of measurement shall 
be in accordance with ASME PTC 8.2, section 4. 


6.3.1.3.9 All tests shall be performed at the maximum al- 
lowable angular and radial misalignment (face wipe) as 
specified in 2.3.5.2 and 2.3.8. 


6.3.1.4 Results of Test 


6.3.1.4.1. The seal manufacturer shall provide the results 
of the qualification tests with each proposal. The results of 
the tests shall include, but not be limited to, the information 
shown on the Qualification Test Results Form (Figure G-3). 
The qualification test does not have a pass/fail requirement. 
A governing body does not exist to evaluate the results. The 
purchaser must evaluate the results of the qualification tests 
to determine if the tested seal has met all requirements of this 
standard. Alternate configurations may need to be evaluated. 


6.3.1.4.2 The seal manufacturer shall provide a certifica- 
tion that the qualification test was properly conducted and 
has met the scope of API 682. Any conditions observed that 
would jeopardize the ability of the seal to meet the reliability 
and performance requirements of this standard, shall be 
reported. 


Table 11—Seal Qualification Test Parameters 


Qualification Test Conditions 


Test Fluids Barrier/ Base Point 
Butfer (Dynamic and Static) Cyclic Ranges 
Test Fluids 
for Dual Pressure Temperature Pressure* Temperature 
Seals (Bar) (°F) (Bar) (°F) 

Water Glycol/Water 4 80°C (180°F) 1-4 20°C-80°C 
(70°F -180°F) 

Propane Diesel 18 30°C (90°F) 11-17 30°C (90°F) 

20% NaOH Glycol/Water 8 20°C (70°F) 1-8 20°C -—80°C 
(70°F-180°F) 

Mineral Oil Diesel 8 20°C (70°F) -l7 20°C-—90°C 

(20°F—300°F 1-35 (70°F-200°F) 

Apphcations) 

Mineral Oil Mineral Oil 8 260°C (500°F) 1-17 150°C—260°C 

(300°F-500°F 1-35 (300°F -500°F) 

Applications) 


*The tolerance range for all variables shall be + 3%, except the tolerance for 1 bar pressure shall be +.02 bar. 
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6.3.2 HYDROSTATIC TEST FOR PRESSURE 
CONTAINING PARTS 


6.3.2.1 Pressure-containing parts such as seal chambers, 
seal glands, dual seal reservoirs, heat exchangers, (including 
auxiliaries) shall be tested hydrostatically with liquid at a 
minimum of 1.5 times the maximum allowable working 
pressure but not less than 1.4 bar (20 psi). The test liquid 
shail be at a higher temperature than the nil ductility transi- 
tion temperature of the material being tested. 


6.3.2.2 If the part tested is to operate at a temperature at 
which the strength of a material is below the strength of that 
material at room temperature, the hydrostatic test pressure 
shall be multiplied by a factor obtained by dividing the al- 
lowable working stress for the material at room temperature 
by that at the operating temperature. The stress values used 
shall conform to those given in ANSI B31.3 for piping or in 
Section VIH, Division | of the ASME Code for vessels. The 
pressure thus obtained shall then be the minimum pressure at 
which the hydrostatic test shall be performed. The data 
sheets shall list actual hydrostatic test pressures. 


6.3.2.3. Where applicable, tests shall be in accordance 
with the ASME Code. In the event that a discrepancy exists 
between the code test pressure and the test pressure in this 
standard, the higher pressure shall govern. 


6.3.2.4 The chloride content of liquids used to test 
austenitic stainless steel materials shall not exceed 50 ppm. 
To prevent deposition of chlorides as a result of evaporative 
drying, all residual liquid shall be removed from tested parts 
at the conclusion of the test. 


6.3.2.5 Tests shall be maintained for a sufficient period of 
time to permit complete examination of parts under pressure. 
The hydrostatic test shall be considered satisfactory when 
neither leaks nor seepage through the chamber is observed 
for a minimum of 30 minutes. 


6.3.3 SEAL MANUFACTURER TEST-JOB SEAL 


6.3.3.1 Each mechanical seal shall be tested with air by 
the seal manufacturer after final assembly in accordance to 
6.3.4. Provisions for the test shall include the requirements 
of 6.3.3.1.1 through 6.3.3.1.3. 


6.3.3.1.1 The seal shall be thoroughly inspected, cleaned, 
and have dry seal faces as it is assembled. The job type, size, 
material, and part number gasketing shall be used. 


COMMENT: Dry seal faces are free of liquid lubricant or grease. 


6.3.3.1.2 The testing fixture shall be capable of accom- 
modating the entire seal without modification to the seal car- 
tridge, seal chamber if provided by the seal manufacturer, or 
the gland. 


6.3.3.1.3 Dual seal arrangements shall have provisions to 
test each sealing section independently. 


6.3.3.2 Following the successful completion of the air 
test, the tested seal cartridge shall not be disassembled. Tag 
the cartridge assembly as “certified seal manufacturer air test 
acceptable” giving the test date, and the inspector’s name. 


6.3.3.3 In the event the seal assembly does not pass the air 
test, the entire tests must be repeated until a successful test 
has been accomplished. 


6.3.4 AIR TEST 
6.3.4.1 Set-Up 


The set-up for the air test shall have a fill and pressurizing 
system capable of being isolated from the sealing section be- 
ing tested. The section being tested shall have a gauge with 
25 psig being close to the gauge’s midpoint, 


6.3.4.2 Procedure 


Each sealing section shall be independently pressurized 
with clean air to a test pressure of 25 psi. The volume of each 
test set-up shall be a maximum of one cubic foot. Isolate the 
test set-up from the pressurizing source and maintain the 
pressure for a minimum of five minutes. The maximum 
allowable pressure drop during the test is 2 psi. 


6.3.4.3 Dual Seal 


Each sealing section of a dual seal arrangement shall be 
independently pressurized. Connections shall be provided to 
test each section independently. 


6.3.5 PUMP MANUFACTURER SEAL TEST 
6.3.5.1 


6.3.5.1.1. During the pump performance test, the seal, as 
configured for the application, shall be used during this test 
unless the seal manufacturer recommends using different 
face combinations or the purchaser has specified the seal not 
be operated. 


Standard Testing 


COMMENT: Due to the configuration of the faces for the service, the water 
test for the pump may damage the faces. Discussions between the pur- 
chaser, seal manufacturer, and the pump manufacturer should occur to jus- 
tify modification requests. Normally the combination of two hard faces, 
such as Tungsten Carbide and Silicon Carbide, may have potential problems 
with a water test. 

For a dual seal arrangement, special consideration must be utilized to pre- 
vent from damaging the outer seal during the pump performance test. Dur- 
ing the pump performance test, arrangements must be discussed between 
the end user, seal manufacturer, and the pump manufacturer to verify the 
sealing of the inner seal. 


6.3.5.1.2 The seal (or seals) shall not have any visible 
signs of leakage during any phase of the pump performance 
test. Any leakage during the pump performance test requires 
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a disassembly and repair to the seal. If seal is disassembled 
or removed, the seal shall be retested with an air test of the 
pump using the pressure drop criteria in 6.3.4. 


6.3.5.1.3 Any repairs to the seal shall be accomplished ei- 
ther by the seal manufacturer or by others under the supervi- 
sion of the seal manufacturer. Repair reports shall be 
furnished by the vendor. These repair reports should include 
a description (including sketches and/or pictures) of the 
damaged seal components and a statement of the probable 
cause for seal failure. 


6.3.5.2 Alternate Testing 


6.3.5.2.1 Modified Seal Faces 


When specified, the air-tested seal shall be supplied to the 
pump manufacturer with modified seal faces for operating 
during the pump performance test. Following the pump per- 
formance test, the job seal faces shall be installed in the seal 
and air tested in accordance with 6.3.4. 


6.3.5.2.2 Seal Not Operated During Pump 
Performance Test 


When specified, the job seal shall not be operated in the 
pump during the pump performance test in order to prevent 
operation damage. During the pump performance test, the 
pump shall have the performance test accomplished with a 
seal supplied by the pump manufacturer. The job seal and 
seal chamber, when supplied, are to be installed after the 
pump performance test, and air-tested in accordance with 
6.3.4. Specify if the seal is to be shipped separately with the 
pump. The job seal is not to be operated in the pump. 


6.4 Preparation for Shipment 


6.4.1 Unless otherwise specified, the equipment shall be 
prepared for the type of shipment as described in 6.4.3. 


6.4.2 The manufacturer shall provide the purchaser with 
the instructions necessary to preserve the integrity of the 
storage preparation after the equipment arrives at the job site 
and before start-up. 


6.4.3. The equipment shall be prepared for shipment after 
all testing and inspection have been completed and the 


equipment has been released by the purchaser. The prepara- 
tion shall include that specified in 6.4.3.1 through 6.4.3.8. 


6.4.3.1 Exterior surfaces, except for machined surfaces, 
shall be given at least one coat of the manufacturer’s stan- 
dard paint. Stainless steel parts need not be painted. The 
paint shall not contain lead or chromates. 


6.4.3.2 Carbon steel exterior machined surfaces shall be 
coated with a suitable rust preventive. 


6.4.3.3. The interior of the equipment shall be clean and 
free from scale, welding spatter, and foreign objects. 


6.4.3.4 Internal steel areas of carbon steel systems’ auxil- 
iary equipment, such as reservoirs, shall be coated with a 
suitable oil-soluble rust preventive. 


6.4.3.5 Flanged openings shall be provided with metal 
closures at least 4.8 millimeters (7/,, inch) thick, with elas- 
tomer gaskets and at least four full-diameter bolts. For stud- 
ded openings, all nuts needed for the intended service shal] 
be used to secure closures. 


6.4.3.6 Threaded openings shall be provided with solid 
round or solid hex head plugs furnished in accordance with 
ANSI B16.11. The caps or plugs shall be of material equal to 
or better than that of the pressure casing. In no case shall 
non-metallic (such as plastic) caps or plugs be used. 


6.4.3.7 Lifting points and the center of gravity shall be 
clearly identified on the equipment package. The manufac- 
turer shall provide the recommended lifting arrangement. 


6.4.3.8 The equipment shall be identified with item and 
serial numbers. Material shipped separately shall be identi- 
fied with securely affixed, corrosion-resistant metal tags in- 
dicating the item and serial number of the equipment and 
shall be shipped with duplicate packing lists, one inside and 
one on the outside of the shipping container. 


6.4.4 Auxiliary piping connections furnished on the pur- 
chased equipment shall be impression stamped or perma- 
nently tagged to agree with the manufacturer’s connection 
table or general arrangement drawing. Service and connec- 
tion designations shall be indicated. 


6.4.5 One copy of the manufacturer’s standard installation 
instructions shall be packed and shipped with the equipment. 


SECTION 7—MANUFACTURER DATA 


7.1. General 


7.1.1. The information to be furnished by the manufacturer 
is specified in 7.2 and 7.3. The manufacturer shall complete 
and forward the Manufacturer Drawing and Data Require- 
ments Form (Appendix I to the address or addresses noted 
on the inquiry or order. This form shall detail the schedule 
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for transmission of drawings, curves, and data as agreed to at 
the time of the order, as well as the number and type of 
copies required by the purchaser. 


7.1.2 The data shall be identified on transmittal (cover) 
letters and in title blocks or title pages with the following in- 
formation: 
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The purchaser or user’s corporate name. 

The job or project number. 

The equipment item number and service name. 

The inquiry or purchase order number. 

Any other identification specified in the inquiry or pur- 
chase order. 

f. The manufacturer’s identifying proposal number, shop or- 
der number, serial number, or other reference required to 
identify return correspondence completely. 


ep aoge 


7.2. Proposals 


7.2.1. The seal manufacturer’s proposed seal shall be 
based on the configuration, type, design, and materials (in- 
cluding face material types, vendors, and grades) used for 
the seal qualification test for the proposed seal. (See 6.3.1.2 
and 6.3.1.3.) Modifications to the qualified seal (other than 
minor geometry and face load changes based on size) for use 
as the proposed seal shall not be made without approval of 
the purchaser. 


7.2.2. The seal manufacturer’s proposal shall include the 
following information concerning the seal system: 


a. Cross sectional drawing of seal. (Typical is acceptable 
with modifications). The drawing should include: maximum 
static pressure rating, maximum temperature for seal opera- 
tion for water operations, thrust load, and acceptable axial 
growth from setpoint. 

b. Schematic of any auxiliary system, including utility re- 
quirements. 

c. Seal manufacturer qualification test results, including 
design parameters. 
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Completed data sheets. 

Exclusions to this standard. 
Alternatives selected. 

Design parameter for qualified seal. 
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7.3 Contract Data 
The contract data is to include the following: 


a. Cross sectional drawing of the seal including all impor- 
tant information to properly verify the seal setting dimen- 
sion, if necessary, and information requested on the proposal 
drawing. All drawings are to be scaled. The drawing shall be 
stamped that the seal system design meets the requirements 
of this standard. (A typical drawing is not acceptable). 

b. Schematic of any auxiliary system, including utility 
requirements. 

c. Detailed drawing of multiple seal reservoir, if required. 
d. Completed data sheet. 

e. Detailed bill of materials on seal and any auxiliary 
system. 

f. Material Safety Data Sheets. 


7.4 Installation, Operation, Maintenance, 
and Technical Data Manuals 


The seal manufacturer shall provide sufficient written 
instructions and a cross-referenced list of all drawings to 
enable the purchaser to correctly install, operate, and main- 
tain all of the sealing system. The information shall be pre- 
pared for the specified installation; typical information is not 
acceptable. 
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APPENDIX A—MECHANICAL SEAL DATA SHEETS 


The data sheets in Appendix A are divided into two sections: 


a. Section 1 should be completed for all seals being purchased in accordance with API 
Standard 682. It provides basic seal specifications, options, and testing requirements. 

b. Section 2 should be completed for seals which are being purchased in accordance with 
API Standard 682 and when a completed API Standard 610 data sheet is not included with 
the purchase documents (such as in a seal retrofit case). The data in Section 2 provides in- 
formation on the pump service and design. 


Note that the data sheets are intended to cover most refining seal applications. However, 
when service conditions are extreme or particularly hazardous, additional data and seal re- 
view may be justified. For the conditions listed below, the purchaser should determine the 
need to request additional data and perform more detailed review: 


a. High temperatures above 260°C (500°F). 

b. Low temperatures below —40°C (—40°F). 

c. High sealing pressure above 34.5 bar (500 psia). 

d. Surface speed above 25 meters per second (5000 feet per minute). 

e. Highly corrosive fluids. 

f. Very high vapor pressure fluids. 

g. Unstable liquid conditions. 

h. High solids concentration. 

i. Seal sizes above 120 millimeters (4.5 inches) or below 30 millimeters (1.5 inches). 
j. High viscosity. 


NOTE: In Appendix A the paired parenthesis sets refer to items which will be filled in by the purchaser. The paired 
bracket sets refer to items which will be filled in by the manufacturer. 
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a 


Section 1 (Complete for all AP! Standard 682 seals) 


MECHANICAL SEAL DATA SHEET SENG: ITEM NO. 
CUSTOMARY UNITS page tor SY 
DATE CWRREEVISION 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER BY MANUFACTURER BY MANUFACTURER OR PURCHASER 


SEAL DESIGN DATA 


GLAND TAPS: 


SEAL TYPE: © SPRING PUSHER © METAL BELLOWS 


FLUSH (F) BARRIER/ BUFFER FLUIDIN (BI) 
FLEXIBLE ELEMENT: © ROTATING © STATIONARY QUENCH (Q) & BARRIER / BUFFER FLUID OUT (BO) 
PUSHER SEALS: © MULTIPLE SPRING © SINGLE SPRING DRAIN (D) © HEATING (H) 


COOLING (C) 
PROCESS CONNECTIONS TO BE VP) INCH NPT (2.3.19) 


FLUSH / QUENCH / BARRIER / BUFFER PROVISIONS: 
CO API FLUSH PLAN(S) APPENDIX C | i 
OAPI QUENCH PLAN(S) APPENDIXC = 
© API COOLING / HEATING PLAN 
O API BARRIER / BUFFER FLUID PLAN 
O CIRCULATING DEVICE REQUIRED: 


© API 682 ARRANGEMENT (2.1): 


© APt 682 SEAL CODE (APPENDIX D) 


© SEAL MANUFACTURER 
Oo 


SIZE / TYPE 


MANUFACTURER'S CODE 


C SEAL DRAWING NUMBER 


© INTERNAL © EXTERNAL PUMP 


SEAL RATINGS 


SINGLE SEAL OR DUAL SEAL 
DUAL SEAL INBOARD OUTBOARD 


MAXIMUM DYNAMIC SEALING PRESSURE (MDSP) AT PUMP TEMPERATURE PSIG Se PIG 
MAXIMUM STATIC SEALING PRESSURE (MSSP) AT PUMP TEMPERATURE PSIG wes BS 
MAXIMUM ALLOWABLE TEMPERATURE AT NORMAL PUMP PRESSURE °F °F 

ALLOWABLE AXIAL MOVEMENT FROM SETPOINT 


GLAND 
CO USE OF CAP SCREWS ALLOWED FOR ATTACHING GLAND 
© FLOATING THROTTLE BUSHING REQUIRED FOR DUAL SEALS 


SEAL OPERATION 
O SEAL GENERATED THRUST LOAD 
OO SEAL GENERATED HEAT AT NORMAL CONDITIONS 
O SEAL CHAMBER HEAT SOAK, NORMAL CONDITIONS 
SEAL CHAMBER 
TYPE: TRADITIONAL EXTERNAL INTERNAL 
SUPPLIED BY (IF NEW) : © PUMP MFR © SEAL MFR 
MAX ALLOW WORKING PRESSURE PSIG 
HYDROTEST PRESSURE PSIG 
C MAX ALLOWABLE WORKING TEMP °F 
C) HEATING / COOLING REQUIRED BTU/HR 


SEAL MATERIALS 


© USE ALTERNATE SPRING MATERIAL 
© USE ALTERNATE FOR FLUOROELASTOMER 
© USE ALTERNATE FOR PERFLUOROELASTOMER 
© USE ALTERNATE FOR FLEXIBLE GRAPHITE 
© USE ALTERNATE GLAND MATERIAL 
© USE ALTERNATE THROTTLE BUSHING MATERIAL 
O USE ALTERNATE GLAND TO SEAL CHAMBER GASKET MATERIALS 

© BELOW 300°F 

© ABOVE 300°F 
© USE ALTERNATE METAL BELLOWS MATERIAL 
© USE ALTERNATE MISCELLANEOUS MATERIAL. 
© USE ALTERNATE SEAL CHAMBER MATERIAL 


LB 
BTU / HR 
BTU / HR 


THROAT BUSHING 
THROAT BUSHING NOT REQUIRED 
@ CLOSE CLEARANCE THROAT BUSHING REQUIRED 


SLEEVE 
ONO SLEEVE REQUIRED 
CSLEEVE AXIAL FIXATION BY SPLIT RING REQUIRED 


© USE O-RING FOR SEAL TYPE B AND C GASKETS 
© USE SPECIAL LOW TEMPERATURE MATERIALS 
COMPONENT 


MATERIAL 


SEAL RINGS 
© USE SELF-SINTERED SILICON CARBIDE INSTEAD OF REACTION BONDED 
© USE OTHER THAN NICKEL BOUND TUNGSTEN CARBIDE 
SEAL HARDWARE 
© USE ALTERNATE SLEEVE MATERIAL 
© USE ALTERNATE RETAINER MATERIAL 
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ee ee es 
Section 1 (Complete for all API Standard 682 seals) 


MECHANICAL SEAL DATA SHEET we Se ee 
CUSTOMARY UNITS dbs ae 


NOTE: © INDICATES INFORMATION COMPLETED 8Y PURCHASER ™] BY MANUFACTURER © BY MANUFACTURER OR PURCHASER 


© PUMP DATA 


SEALING CHAMBER PRESSURE 


© SEAL CHAMBER SIZE (TABLE 1) 


SINGLE SEAL OR DUAL SEAL 
© TOTAL LENGTH (L): IN DUAL SEAL INBOARD OUTBOARD 
© CLEAR LENGTH (E) IN © MINIMUM 
© SEAL CHAMBER ID (d,): IN © MAXIMUM 


NORMAL 


© NO. SEALS OR CARTRIDGES PER PUMP 


PUMPED STREAM FLUSH FLUID 


© VAPOR PRESSURE AT TEMPERATURE INDICATED NOTE: If flush liquid is pumpage fluid, then flush fluid data is not required. 


NAME OF FLUID 


@ NORMAL TEMP PSIA @ MAX TEMP 


REQUEST REVIEW BY: SEAL MFR/ PUMP MFR 


@ 100°F PSIA 


TEMPERATURE MIN / NORMAL / MAX 


© PUMPED STREAM IS REGULATED FOR FUGITIVE OR OTHER EMISSIONS. 
FREGULATION LEVEL, PPM 


SPECIFIC GRAVITY AT TEMPERATURE INDICATED: 
@ NORMAL TEMP ___ @ MAX TEMP 


© SOLIDS / EROSIVE AGENTS 


C NAME OF SOLID SPECIFIC HEAT @ NORMAL TEMP, Cp (BTU / LB °F) 


VAPOR PRESSURE AT TEMPERATURE INDICATED. 
@ NORMAL TEMP PSIA = @ MAX TEMP. PSIA 
@ 100 °F PSIA 


© CONCENTRATION (% OR PPM} 


© PARTICLE SIZE 


© PARTICLE SPECIFIC GRAVITY VISCOSITY AT TEMPERATURE INDICATED: 


@ NORMAL TEMP cP @ MIN TEMP cP 


© PUMPED STREAM IS NON-NEWTONIAN FLUID 


(e] 


THERMAL CONDUCTIVITY @ NORMAL TEMP BTU/HR FT °F 


© PUMPED STREAM SOLIDIFIES UNDER SHEAR 


HAZARDS, DESCRIBE 


© PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE: 
SPECIFY AGENTS 
TEMPERATURE POLYMERIZATION OCCURS °F 


o9 9 


INITIAL BOILING POINT @ 14.7 PSIA °F 


g 


FINAL BOILING POINT @ 14.7 PSIA 


© PUMPED STREAM CAN PLATE OUT OR DECOMPOSE: 
CONDITIONS FOR PLATING / DECOMPOSING 


BUBBLE POINT @ NORMAL SEAL PRESSURE °F 


DEW POINT @ NORMAL SEAL PRESSURE 


@ 6 


© PUMPED FLUID INITIAL BOILING POINT @ 14.7 PSIA FLASH POINT @ 14.7 PSIA 


© PUMPED FLUID FINAL BOILING POINT @ 14.7 PSIA 


Ga 


AUTOIGNITION TEMPERATURE 


© PUMPED FLUID BUBBLE POINT @ NORMAL SEAL PRESSURE O COMPONENTS: 


© PUMPED FLUID DEW POINT @ NORMAL SEAL PRESSURE 


MOLE % MASS % 


© AUTOIGNITION TEMPERATURE 


© FLASH POINT 


© PUMPED FLUID COMPONENTS: 


MOLE % MASS % 


BARRIER / BUFFER FLUID 
© SELECTED BY: PURCHASER / SEAL MFR 


© REQUEST REVIEW BY: SEAL MFR / PUMP MFR 


G MATERIAL SAFETY DATA SHEETS REQUIRED 


NAME OF FLUID 


© SUPPLY TEMPERATURE MIN / MAX / 
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Section 1 (Complete for all API Standard 682 seals) 


MECHANICAL SEAL DATA SHEET 
CUSTOMARY UNITS 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER 


JOB NO. 
PAGE 3 
DATE 


OF 2 


(BY MANUFACTURER 


© ADDITIONAL LIQUID DATA (CONTINUED) 


3 SPECIFIC GRAVITY AT TEMPERATURE INDICATED: 
@ NORMAL TEMP @ MAX TEMP 


SPECIFIC HEAT @ NORMAL TEMP Cp (BTU/LB °F) 


VAPOR PRESSURE AT TEMPERATURE INDICATED 
@ NORMAL TEMP PSIA @ MAX TEMP 
@ 100 °F PSIA 


PSIA 


VISCOSITY AT TEMPERATURE INDICATED. 


@ NORMAL TEMP cP @ MIN TEMP cP 


THERMAL CONDUCTIVITY @ NORMAL TEMP BTU/HR FT °F 


HAZARDS, DESCRIBE 


G INITIAL BOILING POINT @ 147 PSIA 


FLUSH FLUID 
— FLOW RATE REQUIRED MAX / MIN 


PRESSURE REQUIRED MAX / MIN 


TEMPERATURE REQUIRED MAX / MIN 


= COOLING / HEATING REQUIRED (BTU / HR) 


BARRIER / BUFFER FLUID 
— FLOW RATE REQUIRED MAX / MIN 


7 PRESSURE REQUIRED MAX / MIN 


= TEMPERATURE REQUIRED MAX / MIN °F 


= COOLING / HEATING REQUIRED (BTU / HR) 


QUENCH FLUID 
& QUENCH REQUIRED 


MANUFACTURER 


TYPE / CODE 


— DRAWING NO 


© FINAL BOILING POINT @ 14.7 PSIA 


45 


ITEM NO. 
BY 
REVISION 


BY MANUFACTURER OR PURCHASER 


BUBBLE POINT @ NORMAL SEAL PRESSURE 


FLASH POINT @ 14.7 PSIA 


Ls} 
Ley 
© DEW POINT @ NORMAL SEAL PRESSURE 
9 
re 


 AUTOIGNITION TEMPERATURE 


C COMPONENTS: 
MOLE % 


MASS % 


& NAME OF FLUID 


FLOW RATE REQUIRED MAX / MIN 


PRESSURE REQUIRED MAX / MIN 


TEMPERATURE REQUIRED MAX / MIN 


COOLING / HEATING REQUIRED 


TOTAL UTILITY REQUIREMENTS 
STEAM 


°F 


(BTU / HR) 


LB/HR 


ELECTRICITY 


VOLTS / HERTZ / PHASE / AMPS 


COOLING WATER 


GPM 


INSTRUMENT AIR 


SCFM 


OTHER (SPECIFY): 


[| TEMPERATURE LIMIT 


{ LEAKAGE ALARM TYPE 


LEAKAGE ALARM SETPOINT 


— PRESSURE LIMIT 


AUXILIARY EQUIPMENT 


BARRIER / BUFFER FLUID RESERVOIR 


AUXILIARY PIPING (NOT INCLUDING BARRIER/BUFFER FLUID 
RESERVOIR TO SEAL GLAND PLATE) 


© AUXILIARY PIPING FURNISHED BY: PURCHASER / SEAL MFR 

© AUXILIARY LINES: © PIPING © TUBING 

© ALTERNATE TUBING SIZE / SCHEDULE 

© PROPOSED CONNECTION DESIGNS REQUIRE PURCHASER APPROVAL 


© CHLORIDE LEVEL OF WATER (ABOVE 10 PPM) 
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Section 1 (Complete for all AP! Standard 682 seals) 


JOBNO, STEM NO. 
page 4 CF Cy 
DATE 


MECHANICAL SEAL DATA SHEET 
CUSTOMARY UNITS 


REVISION 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER 0 BY MANUFACTURER & BY MANUFACTURER OR PURCHASER 


AUXILIARY EQUIPMENT (CONTINUED) 


© COMMON VENT / FILL PERMITTED 


COOLING WATER SYSTEMS 


© RESERVOIR MOUNTED BY: © PUMP MFR © SEAL MFR © OTHER 
SPECIFY OTHER 


© USE GALVANIZED PIPE FOR COOLING WATER 


© SIGHT FLOW INDICATORS ON OUTLETS REQUIRED 


MOUNT RESERVOIR ON: 
© PUMP BASEPLATE 
© OTHER (SPECIFY) 


SIGHT FLOW INDICATORS : OPEN / CLOSED 


MANIFOLD OUTLET VALVE REQUIRED 


FLOW CONTROL ORIFICES INSTRUMENTATION AND CONTROLS 


© OWNER SPECIFICATION NUMBER COVERING ALL 
INSTRUMENTATION / CONTROLS 


© USE ALTERNATE ORIFICE TYPE IN TUBING 


© USE ALTERNATE ORIFICE TYPE IN PIPING 


© ALL INSTRUMENTATION / CONTROLS SHALL BE SUPPLIED BY: 
© SEAL MFR © PUMP MFR 
© OTHER (SPECIFY): 


& ORIFICE PLATE ©) ORIFICE NIPPLE 


CYCLONE SEPARATOR 


© ALTERNATE INSTALLATION ENVIRONMENT 


MANUFACTURER MODEL 


© USE ALTERNATE CYCLONE SEPARATOR MATERIAL © SWITCHES SHALL: © OPEN © CLOSE TO ALARM 


© OPEN © CLOSE TO TRIP 


SEAL FLUSH COOLERS 


TEMPERATURE GAUGES 
MANUFACTURER MODEL 
INSTALL IN: © PIPING © TUBING © EITHER 


& TYPE 


MANUFACTURER MODEL 


© NONSTANDARD DESIGN, WATER ON TUBE SIDE 


PRESSURE GAUGES 
MANUFACTURER MODEL 
© OIL FILLED GAUGES REQUIRED 


© USE ALTERNATE TUBE MATERIAL / SCHEDULE 


BARRIER FLUID RESERVOIR 


© PRESSURE SWITCHES 
TYPE 
MANUFACTURER 


TYPE: © STANDARD © STANDARD ALTERNATE © OTHER 


© SPECIFICATION NUMBER MODEL 


LEVEL GAUGE TYPE: © WELD PAD © SEPARATE 
MANUFACTURER MODEL 


MANUFACTURER MODEL 


& SUPPLIED BY: © SEAL MFA © PUMP MFR © OTHER 


K} LEVEL SWITCH TYPE: © HYDROSTATIC © CAPACITANCE 
© ULTRASONIC © OTHER 
MODEL 


© ASME CODE STAMP REQUIRED 


MANUFACTURER 


© USE ALTERNATE MATERIAL 


7 FLOW METER TYPE 
MANUFACTURER 


© USE ALTERNATE SCHEDULE PIPE 


© USE ALTERNATE LIQUID VOLUME 


K FLOW CONTROLLER TYPE 
MANUFACTURER _ MODEL 


© USE ALTERNATE VAPOR / LIQUID RATIO 


© USE ALTERNATE LOW LEVEL ALARM MINIMUM 1 PRESSURE CONTROL VALVE TYPE 


MANUFACTURER 


© USE ALTERNATE LLA / NLL MARGIN 


SOLENOID VALVE 
MANUFACTURER 


© USE ALTERNATE SUPPLY / BOTTOM MARGIN 


© USE ALTERNATE INLET / RETURN LINE SPACING 


RELIEF VALVE TYPE 
MANUFACTURER MODEL 
BODY MATERIAL © STEEL OTHER 


© USE ALTERNATE MOUNTING PROVISIONS 


© USE ALTERNATE COOLING COIL TUBING 


© THERMAL RELIEF VALVES REQUIRED FOR FOLLOWING 
EQUIPMENT (SPECIFY): 


© DELETE STANDARD PRESSURE SWITCH AND GAUGE; INSTEAD 
. SUPPLY 


© PRESSURE SWITCHES TO ACTIVATE ON: 
© RISING PRESSURE O FALLING PRESSURE 
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a 


Section 1 (Complete for all AP! Standard 682 seals) 


MECHANICAL SEAL DATA SHEET Scar age oe 
CUSTOMARY UNITS isis ee 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER O BY MANUFACTURER BY MANUFACTURER OR PURCHASER 
QA INSPECTION AND TESTING 


SHOP INSPECTION REQUIREMENTS 


IEST 
© MANUFACTURER SHOP INSPECTION REQUIRED iB OB 


© REVIEW OF MANUFACTURER QA PROGRAM REQUIRED 


O INSPECTOR CHECKLIST COMPLIANCE INDICATION REQUIRED BY GLAND HYDROSTATIC DEFAULT 
MANUFACTURER'S / PURCHASER'S REPRESENTATIVE RESERVOIR HYDROSTATIC DEFAULT 
SEAL CHAMBER HYDROSTATIC DEFAULT 
OTHER HYDROSTATIC G- -O 
© MATERIAL DOCUMENTATION / COMPLIANCE CERTIFICATES FOR COMPLETE UNIT TEST Oo oO 
© SEAL RESERVOIR © SEAL CHAMBER © PIPING 
© GLAND © OTHER 


© API 682 COMPLIANCE CERTIFICATE REQUIRED 


O00000 B 
o0000 B 


© NON-ASME WELDING TO COMPLY WITH AWS DURING PUMP PERFORMANCE TEST 


© ADDITIONAL WELDING INSPECTION REQUIRED TEST NON-WIT. 
(SPECIFY): 1B QB 


© ADDITIONAL MATERIAL INSPECTION REQUIRED: USE JOB SEAL / JOB FACES DEFAULT 
© 100 PERCENT INSPECTION REQUIRED ALL PARTS USE JOB SEAL / TEST FACES oO oO 
O SEAL RESERVOIR © SEAL CHAMBER © PIPING USE TEST SEAL / TEST FACES Co 
© GLAND © OTHER © SHIP JOB SEAL SEPARATE FROM PUMP 
© MAG PARTICLE © LIQUID PENETRANT O RE-TEST SEAL IN PUMP WITH WATER INSTEAD OF AIR AFTER REPAIRS 
© RADIOGRAPHIC © ULTRASONIC © CHARPY IMPACT TEST REQUIRED FOR 


© ADDITIONAL QUALIFICATION TESTING REQUIRED 
(SPECIFY): © HARDNESS TEST REQUIRED FOR 


© MANUFACTURER TO SUBMIT TEST PROCEDURES 
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Section 2 (Complete when AP! Standard 610 data sheet is not attached) 


MECHANICAL SEAL DATA SHEET aE Ne ITEM NO. 
CUSTOMARY UNITS Paget or 2 ay 
DATE REVISION 


NOTE: __O INDICATES INFORMATION COMPLETED BY PURCHASER OX) BY MANUFACTURER BY MANUFACTURER OR PURCHASER 
© OPERATING CONDITIONS © LIQUID (CONTINUED) 


GPM 


© CAPACITY, NORMAL © VISCOSITY cP @ oF 
OTHER (SPECIFY): 


© SUCTION PRESSURE MAX/RATED 


© MAX VISCOSITY @ MIN TEMP cP 


© SPECIFIC HEAT Cp (BTU/LB °F) 


C DISCHARGE PRESSURE 


© CORROSIVE / EROSIVE AGENT 


© DIFFERENTIAL PRESSURE 


© CHLORIDE CONCENTRATION (PPM) 


© DIFFERENTIAL HEAD FT NPSH AVAIL. FT 
© HYDRAULIC POWER HP 


SERVICE: © CONTINUOUS © INTERMITTENT (STARTS/DAY ) 


© H,S CONCENTRATION (PPM) 


© PUMP CONSTRUCTION 


© PUMP PERFORMANCE CASING MOUNTING 


© CENTERLINE © NEAR CENTERLINE 
© RPM MIN / MAX / RATED i / = © FOOT © SEPARATE MOUNTING PLATE 
© MINIMUM CONTINUOUS FLOW O VERTICAL © SUMP © IN-LINE 


THERMAL STABLE GPM 


CASING SPLIT 
© AXIAL © RADIAL 


© SUCTION SPECIFIC SPEED 


C© SITE AND UTILITY DATA CASING TYPE 
© SINGLE VOLUTE © DOUBLE VOLUTE 
© ELECTRICAL AREA CLASSIFICATION CL ___ — DIV___ © BARREL © DIFFUSER 


© TROPICALIZATION REQUIRED © STAGGERED VOLUTES © VERTICAL DBL CASING 


© WINTERIZATION REQUIRED 


SITE DATA 
© ELEVATION FT BAROMETER PSIA 
© AMBIENT TEMP RANGE MIN / MAX iD 
RELATIVE HUMIDITY. MAX / MIN / % 
UNUSUAL CONDITIONS © DUST © FUMES 

OTHER (SPECIFY}. = 

© UTILITY CONDITIONS 


IMPELLER MOUNTED 
© BETWEEN BEARINGS © OVERHUNG 


© CASING RATING: (PSIG / °F) / 


© SUCTION PRESSURE REGIONS OF MULTISTAGE OR DOUBLE CASING PUMP 
DESIGNED FOR MAX ALLOWABLE WORKING PRESSURE 


ROTATION VIEWED FROM COUPLING END. 


STEAM: DRIVERS HEATING © cw © ccw 
MIN PSIG ele Psig OF 
MAX PSIG OFC PSIG THROAT BUSHING: 


© DIAMETER IN 
© CLEARANCE 


HEATING CONTROL SHUTDOWN 


ELECTRICITY: 


VOLTAGE 
HERTZ 
PHASE 


DRIVERS 


FRONT WEAR RING: 
© DIAMETER IN 
© CLEARANCE IN 


COOLING WATER: 
TEMP INLET °F MAX RETURN SE 
PRESS NORM PSIG DESIGN 
MIN RETURN PSIG MAX ALLOW AP 
CHLORIDE CONCENTRATION 
WATER SOURCE 
INSTRUMENT AIR: MAX / MIN PRESS / PSIG 


© LIQuio 


© TYPE OR NAME OF LIQUID 


REAR WEAR RING: 
© DIAMETER IN 
© CLEARANCE 


IMPELLER BALANCE HOLES: O YES 


SHAFT: 
SHAFT DIAMETER AT SLEEVE IN 
SPAN BETWEEN BEARING CENTERS. 
SPAN BETWEEN BEARING AND IMPELLER IN 


SPECIFICATION: 
© CONFORMS TO API 610 EDITION 
© OTHER 


PUMPING TEMPERATURE 


NORMAL °F MAX ___ °F MIN °F 


© SPECIFIC GRAVITY @ NOR / MAX / MIN TEMP 


© VAPOR PRESSURE PSIA @ °F 
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Section 2 (Complete when API Standard 610 data sheet is not attached) 


MECHANICAL SEAL DATA SHEET De ee 
CUSTOMARY UNITS ——— iiean 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER CL) BY MANUFACTURER BY MANUFACTURER OR PURCHASER 
© PUMP MATERIALS © SURFACE PREPARATION AND PAINT 


© TABLE H-1 CLASS (API 610) © MANUFACTURER'S STANDARD 
© BARREL / CASE © OTHER 
© IMPELLER SHIPMENT: 


© CASE /IMPELLER WEAR RINGS © DOMESTIC © EXPORT © EXPORT BOXING REQUIRED 
© OUTDOOR STORAGE MORE THAN 6 MONTHS 


© SHAFT 


© BEARINGS AND LUBRICATION 


BEARING TYPE 
© RADIAL REMARKS: 
© THRUST. 


© COOLING WATER PIPING 


© SIGHT FLOW INDICATORS 

© MANIFOLD OUTLET VALVE 

C GALVANIZED PIPING REQUIRED 

© STAINLESS STEEL TUBING REQUIRED 


© SPARE PARTS 


© START-UP 

© RECONDITIONING 
© CRITICAL SERVICE 
© SPECIFY 
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Section 1 (Complete for all API Standard 682 seals) 


MECHANICAL SEAL DATA SHEET 
SI UNITS 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER 


JOB NO. ITEM NO, 
PAGE tC 5 BY 
DATE REVISION 


O BY MANUFACTURER © BY MANUFACTURER OR PURCHASER 


SEAL DESIGN DATA 


SEAL TYPE: © SPRING PUSHER 


© STATIONARY 
© SINGLE SPRING 


O ROTATING 
© MULTIPLE SPRING 


FLEXIBLE ELEMENT: 
PUSHER SEALS: 
C API682 ARRANGEMENT (2.1): 


© API 682 SEAL CODE (APPENDIX D) 


© SEAL MANUFACTURER 
C SIZE/TYPE 
MANUFACTURER'S CODE 


C SEAL DRAWING NUMBER 


SEAL RATINGS 


MAXIMUM DYNAMIC SEALING PRESSURE (MOSP) AT PUMP TEMPERATURE 
MAXIMUM STATIC SEALING PRESSURE (MSSP) AT PUMP TEMPERATURE 
MAXIMUM ALLOWABLE TEMPERATURE AT NORMAL PUMP PRESSURE 
ALLOWABLE AXIAL MOVEMENT FROM SETPOINT 


SEAL OPERATION 
— SEAL GENERATED THRUST LOAD 
— SEAL GENERATED HEAT AT NORMAL CONDITIONS 
— SEAL CHAMBER HEAT SOAK, NORMAL CONDITIONS 
SEAL CHAMBER 
TYPE: TRADITIONAL © EXTERNAL ©] INTERNAL 
SUPPLIED BY (IF NEW) : & PUMP MFR SEAL MFR 
[ MAX ALLOW WORKING PRESSURE 
(CC HYDROTEST PRESSURE 
C MAX ALLOWABLE WORKING TEMP 
C HEATING / COOLING REQUIRED 


© METAL BELLOWS 


GLAND TAPS: 


© BARRIER/BUFFERFLUIO IN (Bl) 
BARRIER / BUFFER FLUID OUT (80) 
HEATING (H) 


© FLUSH (F) 
QUENCH (Q) 
DRAIN (D) 
© COOLING (Cc) 
@ PROCESS CONNECTIONS TO BE '/p INCH NPT (2.3.19) 


FLUSH / QUENCH / BARRIER / BUFFER PROVISIONS: 


© AP! FLUSH PLAN(S) APPENDIX G / 
© API QUENCH PLAN(S) APPENDIX GC / 
© API COOLING / HEATING PLAN 

© AP! BARRIER / BUFFER FLUID PLAN 


© CIRCULATING DEVICE REQUIRED: © EXTERNAL PUMP 


© INTERNAL 


DUAL SEAL 
OUTBOARD 


SINGLE SEAL OR 
DUAL SEAL INBOARD 


GLAND 
OUSE OF CAP SCREWS ALLOWED FOR ATTACHING GLAND 
O FLOATING THROTTLE BUSHING REQUIRED FOR DUAL SEALS 


THROAT BUSHING 
THROAT BUSHING NOT REQUIRED 
CLOSE CLEARANCE THROAT BUSHING REQUIRED 


SLEEVE 
ONO SLEEVE REQUIRED 
O SLEEVE AXIAL FIXATION BY SPLIT RING REQUIRED 


SEAL MATERIALS 


© USE O-RING FOR SEAL TYPE B AND C GASKETS 
© USE SPECIAL LOW TEMPERATURE MATERIALS 


COMPONENT MATERIAL 


SEAL RINGS 
© USE SELF-SINTERED SILICON CARBIDE INSTEAD OF REACTION BONDED 
© USE OTHER THAN NICKEL BOUND TUNGSTEN CARBIDE 
SEAL HARDWARE 
© USE ALTERNATE SLEEVE MATERIAL 
© USE ALTERNATE RETAINER MATERIAL 
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© USE ALTERNATE SPRING MATERIAL 

© USE ALTERNATE FOR FLUOROELASTOMER 

© USE ALTERNATE FOR PERFLUOROELASTOMER 

© USE ALTERNATE FOR FLEXIBLE GRAPHITE 

© USE ALTERNATE GLAND MATERIAL 

© USE ALTERNATE THROTTLE BUSHING MATERIAL 

© USE ALTERNATE GLAND TO SEAL CHAMBER GASKET MATERIALS 
© BELOW 150°C 
© ABOVE 150°C 

© USE ALTERNATE METAL BELLOWS MATERIAL 

© USE ALTERNATE MISCELLANEOUS MATERIAL, 

© USE ALTERNATE SEAL CHAMBER MATERIAL 
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Section 1 (Complete for all AP! Standard 682 seals) 


MECHANICAL SEAL DATA SHEET Joe No, ewno, —_____ 
SI UNITS DATE REVISION 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER O BY MANUFACTURER BY MANUFACTURER OR PURCHASER 
© PUMP DATA 


SEALING CHAMBER PRESSURE 
© SEAL CHAMGER SIZE (TABLE 4): 


SINGLE SEAL OR DUAL SEAL 
© TOTAL LENGTH (L): QUAL SEAL INBOARD OUTBOARD 


© CLEAR LENGTH (E): MINIMUM 


© SEAL CHAMBER ID (d,): @ MAXIMUM 
O NO. SEALS OR CARTRIDGES PER PUMP NORMAL 


© ADDITIONAL LIQUID DATA 
PUMPED STREAM FLUSH FLUID 


VAPOR PRESSURE AT TEMPERATURE INDICATED NOTE: If flush liquid is pumpage fluid, then flush fluid data is not required. 


@ NORMAL TEMP BAR  @ MAX TEMP NAME OF FLUID 


@ 28°C BAR REQUEST REVIEW BY: SEAL MFR / PUMP MFR 


ie) 
© PUMPED STREAM IS REGULATED FOR FUGITIVE OR OTHER EMISSIONS. ©) TEMPERATURE MIN / NORMAL / MAX 
REGULATION LEVEL PPM fe} 


SPECIFIC GRAVITY AT TEMPERATURE INDICATED: 
© SOLIDS / EROSIVE AGENTS @ NORMAL TEMP @ MAX TEMP 


© NAME OF SOLID SPECIFIC HEAT @ NORMAL TEMP, Cp 


© CONCENTRATION (% OR PPM) El VAPOR PRESSURE AT TEMPERATURE INDICATED: 
@ NORMAL TEMP BAR MAX TEMP 


© PARTICLE SIZE @ 38°C BAR 


© PARTICLE SPECIFIC GRAVITY VISCOSITY AT TEMPERATURE INDICATED: 


© PUMPED STREAM IS NON-NEWTONIAN FLUID @ NORMAL TEMP_______.._ cP @ MIN TEMP 


oO 


© PUMPED STREAM SOLIDIFIES UNDER SHEAR THERMAL CONDUCTIVITY @ NORMAL TEMP 


ao 


© PUMPED STREAM CONTAINS AGENTS THAT POLYMERIZE: HAZARDS, DESCRIBE 


SPECIFY AGENTS 
TEMPERATURE POLYMERIZATION OCCURS 


ts] 


INITIAL BOILING POINT @ 1 BAR 


a 


FINAL BOILING POINT @ 1 BAR 
© PUMPED STREAM CAN PLATE OUT OR DECOMPOSE: 


CONDITIONS FOR PLATING / DECOMPOSING 


oO 


BUBBLE POINT @ NORMAL SEAL PRESSURE 


[2] 


DEW POINT @ NORMAL SEAL PRESSURE 
© PUMPED FLUID INITIAL BOILING POINT @ 1 BAR 


6 


FLASH POINT @ 1 BAR 
© PUMPED FLUID FINAL BOILING POINT @ 1 BAR 


o 


AUTOIGNITION TEMPERATURE 


© PUMPED FLUID BUBBLE POINT @ NORMAL SEAL PRESSURE © COMPONENTS: 


© PUMPED FLUID DEW POINT @ NORMAL SEAL PRESSURE MOLE % 


© AUTOIGNITION TEMPERATURE 


© FLASH POINT 
© PUMPED FLUID COMPONENTS: 


MOLE % 
BARRIER / BUFFER FLUID 


© SELECTED BY: PURCHASER / SEAL MFR 


© REQUEST REVIEW BY: SEAL MFR / PUMP MFR 
© MATERIAL SAFETY DATA SHEETS REQUIRED 


© NAME OF FLUID 


SUPPLY TEMPERATURE MIN / MAX } 
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52 API STANDARD 682 


Section 1 (Complete for all AP! Standard 682 seals) 


JOB NO ITEM NO. 
PAGE 3 OF 5 BY 
DATE REVISION _ 


MECHANICAL SEAL DATA SHEET 
SI UNITS 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER O] BY MANUFACTURER © BY MANUFACTURER OR PURCHASER 


C ADDITIONAL LIQUID DATA (CONTINUED) 


©] FINAL BOILING POINT @ 1 BAA 


© SPECIFIC GRAVITY AT TEMPERATURE INDICATED. 
@ NORMAL TEMP @ MAX TEMP 


© BUBBLE POINT @ NORMAL SEAL PRESSURE 


© SPECIFIC HEAT @ NORMAL TEMP Cp (kd /kG °C) DEW POINT @ NORMAL SEAL PRESSURE °C 


VAPOR PRESSURE AT TEMPERATURE INDICATED: 
@ NORMAL TEMP BAR @ MAX TEMP BAR 
@ 38°C BAR 


FLASH POINT @ 1 BAR 


AUTOIGNITION TEMPERATURE 


© COMPONENTS. 
MOLE % MASS % 


VISCOSITY AT TEMPERATURE INDICATED. 
@ NORMAL TEMP oP 


@ MIN TEMP 


THERMAL CONDUCTIVITY @ NORMAL TEMP. 


HAZARDS, DESCRIBE 


INITIAL BOILING POINT @ 1 BAR 


NAME OF FLUID 


J FLOW RATE REQUIRED MAX / MIN 


Ct FLOW RATE REQUIRED MAX / MIN 


( PRESSURE REQUIRED MAX / MIN 


CL] PRESSURE REQUIRED MAX / MIN 


(J TEMPERATURE REQUIRED MAX / MIN 
°C 


(- TEMPERATURE REQUIRED MAX / MIN 


LC) COOLING / HEATING REQUIRED 


() COOLING / HEATING REQUIRED KW) 


BARRIER / BUFFER FLUID 


FLOW RATE REQUIRED MAX / MIN TOTAL UTILITY REQUIREMENTS 


STEAM KG/HR 


PRESSURE REQUIRED MAX / MIN 


OC) ELECTRICITY VOLTS / HERTZ / PHASE / AMPS 


_] TEMPERATURE REQUIRED MAX / MIN 


COOLING WATER MYS 


COOLING / HEATING REQUIRED 


MyYS 


INSTRUMENT AIR 


QUENCH FLUID 
© QUENCH REQUIRED 


OTHER (SPECIFY) 


© MANUFACTURER (CO TEMPERATURE LIMIT °C 


TYPE / CODE LEAKAGE ALARM TYPE 


CO DRAWING NO. LEAKAGE ALARM SETPOINT 


PRESSURE LIMIT 


AUXILIARY EQUIPMENT 


AUXILIARY PIPING (NOT INCLUDING BARRIER/BUFFER FLUID BARRIER / BUFFER FLUID RESERVOIR 
RESERVOIR TO SEAL GLAND PLATE) TO SEAL GLAND LINES 


© AUXILIARY PIPING FURNISHED BY: PURCHASER / SEAL MFR © FURNISHED BY: PURCHASER / SEAL MFR 


© AUXILIARY LINES: © PIPING © TUBING © USE STANDARD ALTERNATE PIPING INSTEAD OF TUBING 


© ALTERNATE TUBING SIZE / SCHEDULE © USE OTHER (SPECIFY): 


© PROPOSED CONNECTION DESIGNS REQUIRE PURCHASER APPROVAL 


© CHLORIDE LEVEL OF WATER (ABOVE 10 PPM) 
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SHAFT SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 53 


Section 1 (Complete for ail AP] Standard 682 seals) 


MECHANICAL SEAL DATA SHEET eee 
SI UNITS DATE REVISION 


NOTE © INDICATES INFORMATION COMPLETED BY PURCHASER BY MANUFACTURER BY MANUFACTURER OR PURCHASER 


AUXILIARY EQUIPMENT (CONTINUED) 


COOLING WATER SYSTEMS © COMMON VENT / FILL PERMITTED 


© USE GALVANIZED PIPE FOR COOLING WATER © RESERVOIR MOUNTED BY. © PUMP MFA © SEAL MFR ©) OTHER 
SPECIFY OTHER 


MOUNT RESERVOIR ON: 
© PUMP BASEPLATE 
© MANIFOLD OUTLET VALVE REQUIRED © OTHER (SPECIFY) 


© SIGHT FLOW INDICATORS ON OUTLETS REQUIRED 
ia 
a 


SIGHT FLOW INDICATORS : OPEN / CLOSED 


FLOW CONTROL ORIFICES INSTRUMENTATION AND CONTROLS 


© USE ALTERNATE ORIFICE TYPE IN TUBING © OWNER SPECIFICATION NUMBER COVERING ALL 
= INSTRUMENTATION / CONTROLS 


© USE ALTERNATE ORIFICE TYPE IN PIPING 


Ss GaniGe ewe eROainee NIRRLE © ALL INSTRUMENTATION / CONTROLS SHALL BE SUPPLIED BY: 
© SEAL MFR © PUMP MFR 


CYCLONE SEPARATOR © OTHER (SPECIFY) 


MANUFACTURER MODEL © ALTERNATE INSTALLATION ENVIRONMENT 


© USE ALTERNATE CYCLONE SEPARATOR MATERIAL © SWITCHES SHALL. © OPEN © CLOSE TO ALARM 


SEAL FLUSH COOLERS © OPEN © CLOSE TO TRIP 


& TYPE TEMPERATURE GAUGES 
MANUFACTURER MODEL 
INSTALL IN: © PIPING © TUBING © EITHER 


MANUFACTURER MODEL 
NONSTANDARD DESIGN, WATER ON TUBE SIDE PRESSURE GAUGES 
© USE ALTERNATE TUBE MATERIAL / SCHEDULE MANUFACTURER 
© OIL FILLED GAUGES REQUIRED 


BARRIER FLUID RESERVOIR 
PRESSURE SWITCHES 
TYPE 
Q SPECIFICATION NUMBER MANUFACTURER _ CC MODEL 


TYPE. © STANDARD © STANDARD ALTERNATE © OTHER 


MANUFACTURER MODEL © LEVEL GAUGE TYPE: © WELD PAD © SEPARATE 


MANUFACTURER MODEL 
SUPPLIED BY © SEAL MFR © PUMP MFR © OTHER 


LEVEL SWITCH TYPE- C HYDROSTATIC © CAPACITANCE 
© ULTRASONIC © OTHER 
USE ALTERNATE MATERIAL oo” MANUFACTURER MODEL 


ASME CODE STAMP REQUIRED 


Oo 0 «2 


USE ALTERNATE SCHEDULE PIPE FLOW METER TYPE 
MANUFACTURER 


4 
4 


USE ALTERNATE LIQUID VOLUME 


¢ 


FLOW CONTROLLER TYPE 
MANUFACTURER 


USE ALTERNATE VAPOR / LIQUID RATIO 


USE ALTERNATE LOW LEVEL ALARM MINIMUM PRESSURE CONTROL VALVE TYPE 


USE ALTERNATE LLA/ NLL MARGIN MANUFACTURER 


USE ALTERNATE SUPPLY / BOTTOM MARGIN SOLENOID VALVE 
MANUFACTURER 


USE ALTERNATE INLET / RETURN LINE SPACING 


RELIEF VALVE TYPE 
MANUFACTURER 
USE ALTERNATE COOLING COIL TUBING BODY MATERIAL © STEEL 2} OTHER 


USE ALTERNATE MOUNTING PROVISIONS 


Oaoo0ogo 8 OO 


DELETE STANDARD PRESSURE SWITCH AND GAUGE, INSTEAD ) THERMAL RELIEF VALVES REQUIRED FOR FOLLOWING 
SUPPLY EQUIPMENT (SPECIFY): 


o) 


PRESSURE SWITCHES TO ACTIVATE ON: 
© RISING PRESSURE © FALLING PRESSURE 
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54 API STANDARD 682 


Section 1 (Complete for afl AP! Standard 682 seals) 


MECHANICAL SEAL DATA SHEET 
SI UNITS 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER 


JOBNO. CCTM, 
Page 5 CF iY 
DATE REVISION 


BY MANUFACTURER OR PURCHASER 


BY MANUFACTURER 


QA INSPECTION AND TESTING 


REVIEW OF MANUFACTURER QA PROGRAM REQUIRED 


MANUFACTURER SHOP INSPECTION REQUIRED 


CoO @ 


INSPECTOR CHECKLIST COMPLIANCE INDICATION REQUIRED BY 
MANUFACTURER'S / PURCHASER'S REPRESENTATIVE 


API 682 COMPLIANCE CERTIFICATE REQUIRED 


O 


MATERIAL DOCUMENTATION / COMPLIANCE CERTIFICATES FOR 
© SEAL RESERVOIR © SEAL CHAMBER © PIPING 
C GLAND © OTHER 


QO 


NON-ASME WELDING TO COMPLY WITH AWS 


ADDITIONAL WELDING INSPECTION REQUIRED 
(SPECIFY): 


> ADDITIONAL MATERIAL INSPECTION REQUIRED: 
100 PERCENT INSPECTION REQUIRED ALL PARTS 
SEAL RESERVOIR © SEAL CHAMBER © PIPING 
GLAND © OTHER 
© MAG PARTICLE © LIQUID PENETRANT 
S RADIOGRAPHIC © ULTRASONIG 


© ADDITIONAL QUALIFICATION TESTING REQUIRED 
(SPECIFY). 


© MANUFACTURER TO SUBMIT TEST PROCEDURES 
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SHOP INSPECTION REQUIREMENTS 


TEST NON-WIT, 
IB OB 


GLAND HYDROSTATIC DEFAULT 
RESERVOIR HYDROSTATIC DEFAULT 
SEAL CHAMBER HYDROSTATIC DEFAULT 
OTHER HYDROSTATIC Oo Oo 
COMPLETE UNIT TEST OO. © 


CO00O & 
ooo0an0o B 


DURING PUMP PERFORMANCE TEST 


IEST NON-WIT. WITNESS 
18 OB IB 


OB 
USE JOB SEAL / JOB FACES DEFAULT Oo Oo 
USE JOB SEAL/ TEST FACES Oo oO Or sO 

USE TEST SEAL / TEST FACES Oo oO Oo 90 

© SHIP JOB SEAL SEPARATE FROM PUMP 

© RE-TEST SEAL IN PUMP WITH WATER INSTEAD OF AIR AFTER REPAIRS 
© CHARPY IMPACT TEST REQUIRED FOR 


© HARDNESS TEST REQUIRED FOR 


Information Handling Services, 


API STD*b82 94 MM O732290 0540311 7945 


SHart SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY Pumes 55 


Section 2 (Complete when API Standard 610 data sheet is not attached) 


MECHANICAL SEAL DATA SHEET JOBNO._ TEM NO. 
SI UNITS PGE.) OF 2 BY 
DATE REVISION 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER CO] BY MANUFACTURER BY MANUFACTURER OR PURCHASER 
© OPERATING CONDITIONS © LIQUID (CONTINUED) 


© CAPACITY, NORMAL 
OTHER (SPECIFY): 
© SUCTION PRESSURE MAX/RATED 


MHA © VISCOSITY cP @ ze} 


© MAX VISCOSITY @ MIN TEMP oP 


© SPECIFIC HEAT Cp (kd / kG °C} 


© DISCHARGE PRESSURE 


© CORROSIVE / EROSIVE AGENT 


© DIFFERENTIAL PRESSURE 
O CHLORIDE CONCENTRATION (PPM) 


© DIFFERENTIAL HEAD M NPSH AVAIL. M 
© HYDRAULIC POWER KW 
SERVICE: © CONTINUOUS © INTERMITTENT (STARTS/DAY ) 


© HS CONCENTRATION (PPM) 


© PUMP CONSTRUCTION 


CASING MOUNTING 


© CENTERLINE © NEAR CENTERLINE 
© RPM MIN / MAX / RATED © FOOT © SEPARATE MOUNTING PLATE 
© MINIMUM CONTINUOUS FLOW © VERTICAL © SumMP © IN-LINE 


THERMAL MeHR 


STABLE CASING SPLIT 


© AXIAL 


© RADIAL 


© SUCTION SPECIFIC SPEED 


CASING TYPE 
© SINGLE VOLUTE © DOUBLE VOLUTE 

© BARREL © DIFFUSER 

© STAGGERED VOLUTES © VERTICAL DBL CASING 


© ELECTRICAL AREA CLASSIFICATION = CL GR DIV 
© WINTERIZATION REQUIRED © TROPICALIZATION REQUIRED 


SITE DATA 
© ELEVATION M BAROMETER _____s BARRA 
© AMBIENT TEMP RANGE MIN / MAX fe = = BE 
RELATIVE HUMIDITY: MAX / MIN | 
© DUST © FUMES 


IMPELLER MOUNTED 
© BETWEEN BEARINGS 


© OVERHUNG 


© CASING RATING: (BAR G/°C) 


© SUCTION PRESSURE REGIONS OF MULTISTAGE OR DOUBLE CASING PUMP 
DESIGNED FOR MAX ALLOWABLE WORKING PRESSURE 


UNUSUAL CONDITIONS 


OTHER (SPECIFY): 

© UTILITY CONDITIONS ROTATION VIEWED FROM COUPLING END: 

STEAM: DRIVERS HEATING O cw © ccw 
MIN BAR G 7c té‘<iARG] LC 


BARG °C BAR G 


THROAT BUSHING: 
© DIAMETER MM 
© CLEARANCE 


ELECTRICITY: DRIVERS HEATING CONTROL SHUTDOWN 
VOLTAGE 
HERTZ 
PHASE 


FRONT WEAR RING: 
CO DIAMETER MM 
© CLEARANCE 


COOLING WATER: 
TEMP INLET 
PRESS NORM 
MIN RETURN 
CHLORIDE CONCENTRATION 
WATER SOURCE 


°G ~=MAX RETURN 
BARG DESIGN 
BARG MAX ALLOW AP 


REAR WEAR RING: 
© DIAMETER MM 
© CLEARANCE 


IMPELLER BALANCE HOLES: © YES Q NO 


SHAFT: 
SHAFT DIAMETER AT SLEEVE MM 
SPAN BETWEEN BEARING CENTERS. MM 
SPAN BETWEEN BEARING AND IMPELLER MM 


INSTRUMENT AIR: MAX / MIN PRESS 


© LIQUID 


© TYPE OR NAME OF LIQUID 


SPECIFICATION: 
© CONFORMS TO API 610 EDITION 
© OTHER 


PUMPING TEMPERATURE 
NORMAL °c MAX °C MIN °C 


© SPECIFIC GRAVITY @ NOR / MAX / MIN TEMP 


© VAPOR PRESSURE BARA @_ TS 
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56 API STANDARD 682 


Section 2 (Complete when API Standard 610 data sheet is not attached) 


JOB NO ITEM NO. 


MECHANICAL SEAL DATA SHEET a ie ee ae 
SI UNITS 


DATE REVISION 


NOTE: © INDICATES INFORMATION COMPLETED BY PURCHASER [2 BY MANUFACTURER BY MANUFACTURER OR PURCHASER 


© PUMP MATERIALS © SURFACE PREPARATION AND PAINT 


© TABLE H-1 CLASS (API 610) © MANUFACTURER'S STANDARD 
© BARREL / CASE © OTHER 


© IMPELLER SHIPMENT: 
© CASE / IMPELLER WEAR RINGS © DOMESTIC © EXPORT © EXPORT BOXING REQUIRED 
© SHAFT © OUTDOOR STORAGE MORE THAN 6 MONTHS 


© BEARINGS AND LUBRICATION 


BEARING TYPE: 


S RADIAL REMARKS: 
THRUST. 


© COOLING WATER PIPING 


© SIGHT FLOW INDICATORS 

© MANIFOLD OUTLET VALVE 

© GALVANIZED PIPING REQUIRED 

© STAINLESS STEEL TUBING REQUIRED 


© SPARE PARTS 


© START-UP 

© RECONDITIONING 
© CRITICAL SERVICE 
© SPECIFY 
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APPENDIX B—RECOMMENDED SEAL SELECTION 
PROCEDURE 


B.1 Assumptions and Instructions 
B.1.1 APPLICATION RANGE 


This selection procedure provides a recommended seal type, arrangement, and flush plan 
given the intended service condition. The service conditions which are specifically covered 
in this procedure are: 


a. Temperature range of between —40°C and 260°C (—40°F and S00°F). 
b. Pressure below 3450 kPa (500 psig). 

c. Fluids: 

Water. 

Sour water (containing H,S) 

Caustics. 

Amines. 

Some acids. 

Most hydrocarbons. 


By Bee 


This procedure assumes that the seal being chosen will be in compliance with API 682, 
including the provision for adequate pressure margin to vaporization per 2.3.10. 


B.1.2 ADDITIONAL ENGINEERING REQUIRED 


This is a recommended procedure only. It is the responsibility of the purchaser or seal 
vendor using this procedure to ensure the selected seal and auxiliaries are suitable for the 
intended service condition. The use of alternate selection criteria from this procedure and 
more detailed engineering review is specifically recommended for the following service 
conditions: 


High temperatures above 260°C (500°F). 

Low temperatures below —40°C (-40°F). 

High sealing pressure above 3450 kPa (500 psig). 

Surface speed above 25 meters per second (5000 feet per minute). 

Highly corrosive fluids. 

Very high vapor pressure fluids. 

Unstable liquid conditions. 

High solids concentration. 

Seal sizes above 120 millimeters (4.5 inches) or below 30 millimeters (1.5 inches). 
High viscosity. 


or pg ho BO oP 


B.1.3. INSTRUCTIONS 


To use this procedure, begin on sheet 1 and consult each page given the service condition 
and fluid. Where alternate seal types are listed, they should be considered an acceptable 
equivalent to the standard (default) seal shown. 
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API Stanparo 682 


lO Eee 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 1 OF 10 


STANDARD SEALS 
TYPE A. PUSHER 


Rotating flexible element, multiple spring, O-ring secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Fluorelastomer “O” rings 

Hastelloy C springs 

Type 316 SS sleeve, gland, retainer, and other metal parts 

Premium carbon floating bushing in gland 


QanrRwon- 


TYPE B. BELLOWS 


Rotating bellows, O-ring secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Fluorelastomer “O” rings 

Hastelloy C bellows 

Type 316 SS sleeve, gland, and other metal parts 

Premium carbon floating bushing in gland 


OaPrPona 


TYPE C. BELLOWS 


Stationary bellows, flexible graphite secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Flexible graphite secondaries 

Inconel 718 bellows 

Type 316 SS sleeve, gland, and other metal parts 

Premium carbon floating bushing in gland 

Bronze anti-coking baffle 


NOOPON = 
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SHarT SEALING SYSTEMS FOR CENTRIFUGAL AND Rotary Pumps 59 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 2 OF 10 


Service 
Identified 


Non-Hydrocarbon 


Hydrocarbon 


Non-Flashing Flashing 


Sheet 5 
Select Type 


Sheet 3 
Select Type 


Sheet 4 
Select Type 


Sheet 6 
Select Arrangement 


Sheet 7 Sheet 8 Sheet 9 
Select Flush Select Flush Select Flush 
and Quench and Quench and Quench 


Sheet 10 
Select Barrier Fluid, 
If Required 
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60 API Stanparp 682 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 3 OF 10 


Non-Hydrocarbon Services 


1 2 3 4 5 6 7 8 
Caustic Caustic Acids’? 
Sour Sour Amines Amines H,SO,, HCL 
Water Water Water Water Water Crystallize  Crystallize H,PO, 
Pumping 
Temp. °C <80 <80 >80 <80 <80 <80 <80 <80 
1725 1725 1725 
Seal Chamber to to to 
Press. (kPa)  <1725 3450 <3450 = <1725 3450 <1725 3450 <1725 
Standard 
Seal Type A A A A A A A A 
Standard B ES? ES B ES® B ES? B 
Options Cc —_ — Cc = Cc Cc 
Required 
Special 
Features $,p k k kc kc k,s 
Special Features Required Due To Contaminants 

Condition (Mixture 4 < PH < 11) 
Abrasive 
Particulates h h h h h h h h 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard. 
Standard option seals meeting this standard may perform equally well. 


Notes: 

1. Does not cover HF acid. HF and fuming nitric require special enginnering between owner and vendor. 
2. ES = Totally engineered sealing system. Consult vendor to ensure special design considerations are 
accounted for. 


Special Features: 

c. Perfluorelastomer for amine service only. 

h. Silicon carbide vs tungsten carbide hardfaces. 
k. Perfluorelastomer. 

p. Circulating device. 

s. Single spring for type A seal. 
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SHAFT SEALING SYSTEMS FOR CENTRIFUGAL AND Rotary Pumps 61 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 4 OF 10 


Non-Flashing Hydrocarbon 


(Vapor Pressure <101.38 kPa at PT) 


1 2 3 4 5 6 7 
Pumping —40 to —40 to —5 to —-5 to 150 to 150 to 
Temp.°C -5 -5 150 150 260 260 >260 
1725 1725 1725 
Seal Chamber to to to 
Press. (kPa) <1725 3450 <1725 3450 <1725 3450 ALL 
Standard 
Seal Type A A A A Cc ES! ES! 
Standard 
Option #1 B EB? B EB? A = — 
Standard 
Option #2 c ES Cc Es‘ ES* —_— — 
Required 
Special 
Features b D — 
Special Features Required Due To Contaminants 
iy a ee ea eS ee 
Condition (Mixture 4 < PH < 11) 
ph ee ey * ee eS Se 
Caustic —_— —_ k k — — — 
Abrasive 
Particulates h h h h h h h 
Aromatics 
and/or H,S _— _ k k 
Amines —_ _ c c —_ _— — 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard. 
Standard option seals meeting this standard may perform equally well. 


Notes: 

1, Totally engineered sealing system 

2, Engineered (high pressure) bellows 

3. Requires special features p, circulating device and k, perfluorelastomer o-rings. 

4. ES = Totally engineered sealing system. Consult vendor to ensure special design considerations are 
accounted for. 


Special Features: 

b. Buna O-rings. 

c. Amine resistant perfluorelastomer. 

h. Silicon carbide vs tungsten carbide hardsurfaces. 
k. perfluorelastomer O-rings. 

p. Circulating device. 
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62 API STanparp 682 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 5 OF 10 


Flashing Hydrocarbon 


(Vapor Pressure >101.38 kPa at PT) 


1 2 3 4 5 6 7 

Pumping -40 to —40 to -5 to -5 to 150 to 130 to 
Temp.°C -5 -5 150 150 260 260 >260 

1725 1725 1725 
Seal Chamber to to to 
Press. (kPa) <1725 3450 <1725 3450 <1725 3450 ALL 
Standard 
Seal Type A A A} AB A} ES' ES! 
Standard 
Option #1 ESs'? ES!? Es! Es! Es!2 — — 
Standard 
Option #2 _ _ _ —_— _ —_ 
Required 
Special 
Features b b —_ 


Special Features Required Due To Contaminants 
ee ON pee 


Condition (Mixture 4 < PH < 11) 

Caustic —_ —_— k k _— — _— 
Abrasive 

Particulates 

(See Note 1) h h h h h h h 
Aromatics 

and/or H,.S — —_ k k 

Amines _ — c c _ —_ — 
Ammonia a a a a a a a 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard. 
Standard option seals meeting this standard may perform equally well. 


Notes: 

1. Totally engineered sealing system 

2. Engineered bellows 

3, Requires special feature p, circulating device above 60°C, and special feature k, perfluorelastomer if PT above 
150°C. 


Special Features: 

a. NH, resistant carbon. 

b. Buna O-rings. 

¢. Amine resistant perfluorelastomer. 

h. Silicon carbide vs tungsten carbide hardsurfaces. 
k. perfluorelastomer O-rings. 

p. Circulating device. 
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SHart SEALING SYSTEMS FOR CENTRIFUGAL AND RoTARY PuMPs 63 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 6 OF 10 


SEAL ARRANGEMENT SELECTION 


Hazardous by regulation 
or other local criteria? 


High HS? 


Use single seal with provision 
to mitigate hazard or emission. 
If single seal won't meet 
requirement, consider dual seal 
or equipment that will. 


Regulated emission rate 
for hydrocarbon? 
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64 API STANDARD 682 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 7 OF 10 


Start: Arrangement 1, Single Seal Plan 11 


Water Yes 


> 80°C? ul Plan 23 NON-HYDROCARBON 
No 


Start: Arrangement 2, Unpressurized Dual Seal, 


Plan 11 & 52 
Add Yes| Vertical? 


Plan 13 (See note) 


Yes 
Sour water? 
Yes No Alt SG Solids 
Solids? Plan 237 Plan 32 2 x Liq. and 
Pp > 1.7 Bar 


No 


Add 
Plan 13 


Start: Arrangement 3, Pressurized Dual Seal, 
Plan 53 or 54 


Arrangement 27 


Vertical? 
(See note) 


toi Yes No No No 
Crystallizing? 2 » a? Add 
(Caustic) Arrangement 27 Plan 32? Acid? Plan 62 
No 


(oo) Note: Vertical refers to pumps with seal chambers at discharge pressure. 
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SHaFt SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 65 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 8 OF 10 


Start: Arrangement 1, Single Seal Plan 11 


NON-FLASHING HYDROCARBON 


Type AorB 
and T > 150°C? 
Start: Arrangement 3, Pressurized Dual Seal, 

Plan 53 or 54 


Plan 23 
Start: Arrangement 2, Unpressurized Dual Seal, 
Plan 11 & 52 
Change to Arrangement 3 
Add Plan 53 or 54 


Change to Plan 32. 
Remove internal circulating device 


Plan 23? 
Yes 


Alt 


Polymerizing? 


Yes 

: Add 
Vertical? Plan 13 

No 


Alt 


No 


SG Solids 
2 Liq. and 
Pp > 17 Bar 


Plan 23? 
No 
Plan 31 
Vertical? Yes Add 
(See note) Plan 13 
No 
No | Vertical? 
PT > 175°C Yes (See note) 
or known Arrangement 2? Add 62 Steam 
coking service? Yes 
Yes 
Add 
Plan 13 
Note: Vertical refers to pumps with seal chambers at discharge pressure. (co) 
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66 API STANDARD 682 


RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 


SHEET 9 OF 10 
Yos Type A and Start: Arrangement 1, Single Seal Plan 11 
T < 60°C? ‘ . 
Start: eee a eee Dual Seal, FLASHING HYDROCARBON 


No 


Yes 
Type A and 
T > 60°C? Plates 
Start: Arrangement 3, Pressurized Dual Seal, 
No Plan 53 or 54 
Yes 
se Change to Arrangement 3 
Polymerizing? Add Plan 53 or 54 
No 
Alt Change to Plan 32. ne Yes Add 
Remove internal circulating device emce Plan 13 
oo 
Yes No Alt 
Solids? Plan 23? Plan 32 
No 


SG Solids 
2 & Liq. and 
Pp > 17 Bar 


Vertical? Add 
(See note) Plan 13 
N 
No | Vertical? 
PT > 175°C Yes No (See note) 
or known Arrangement 2? Add 62 Steam 
coking service? Yes 
Yes 
Add 
Plan 13 


Done 
Note: Vertical refers to pumps with seal chambers at discharge pressure. (com 
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RECOMMENDED SEAL SELECTION PROCEDURE (SI UNITS) 
SHEET 10 OF 10 


BUFFER/BARRIER FLUID SELECTION 
The following should be considered when selecting a barrier/buffer fluid: 


a. Compatibility of the fluid with the process pumpage being sealed so as not to 
react with or form gels or sludge if leaked into the process fluid or the process fluid 
into the barrier/ouffer fluid. 

b. Compatibility of the fluid with the metallurgy, elastomers, and other materials 
of the seal/flush system construction. 


On pressurized barrier fluid system where the method of pressurization is a gas 
blanket, special attention must be given to the application conditions and barrier 
fluid selection. Gas solubility in a barrier fluid increases with increasing temperature 
and pressure. As pressure is relieved or temperatures cool, the gas is released 
from solution, and may result in foaming and loss of circulation of the barrier fluid. 
This problem is normally seen where higher viscosity barrier fluids, such as lube 
oils, are used at pressures above 10 bar. 

The viscosity of the barrier/buffer fluid should be checked over the entire oper- 
ating temperature range with special attention being given to start up conditions. 
The viscosity should be less than 500 cSt at the minimum temperature to which it 
is exposed. 


a. For services above 10°C, hydrocarbon barrier/buffer fluids having a viscosity 
below 100 cSt at 38°C and between 1 and 10 cSt at 100°C have good experience. 
b. For services below 10°C, hydrocarbon barrier/buffer fluids having a viscosity 
between 5 and 40 cSt at 38°C and between 1 and 10 cSt at 100°C have good 
experience. 

c. For aqueous streams, mixtures of water and ethylene glycol or propylene gly- 
col are usually adequate. Commercially available automotive anti-freeze should 
never be used. The additives in anti-freeze tend to plate out on seal parts and 
cause failure as a result of gel formation. 

d. The fluid should not freeze at the minimum site ambient temperature. 


Fluid volatility and toxicity of the fluid must be such that leakage to the atmo- 
sphere or disposal does not impose an environmental problem. 


a. The fluid should have an initial boiling point at least 28°C above the tempera- 
ture to which it will be exposed. 

b. Have a flash point higher than the service temperature if oxygen is present. 
c. Ethylene glycol may be considered a hazardous material and/or hazardous 
waste when used as a barrier fluid. 


Be able to meet the minimum 3-year continuous seal operation criteria without 
adverse deterioration. It should not form sludge, polymerize, or coke after extended 
use. 


a. For hydrocarbon streams, pariffinic based high purity oils having little or no 
additives for wear/oxidation resistance or synthetic based oils have been used 
successfully. 

b. Anti-wear/oxidation resistant additives in commercial turbine oils have been 
known to plate out on seal faces. 
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API STANDARD 682 


RECOMMENDED SEAL SELECTION PROCEDURE 
(CUSTOMARY UNITS) 


SHEET 1 OF 10 


STANDARD SEALS 
TYPE A. PUSHER 


Rotating flexible element, multiple spring, O-ring secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Fiuorelastomer “O” rings 

Hastelloy C springs 

Type 316 SS sleeve, gland, retainer, and other metal parts 

Premium carbon floating bushing in gland 


On hWN = 


TYPE B. BELLOWS 


Rotating bellows, O-ring secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Fluorelastomer “O” rings 

Hastelloy C bellows 

Type 316 SS sleeve, gland, and other metal parts 

Premium carbon floating bushing in gland 


OaAkON > 


TYPE C. BELLOWS 


Stationary bellows, flexible graphite secondaries 

Reaction bonded silicon carbide versus premium grade blister resistant carbon 
Flexible graphite secondaries 

inconel 718 bellows 

Type 316 SS sleeve, gland, and other metal parts 

Premium carbon floating bushing in gland 

Bronze anti-coking baffle 


NOQP ON > 
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SHaFT SEALING SYSTEMS FOR CENTRIFUGAL AND Rotary Pumes 69 


RECOMMENDED SEAL SELECTION PROCEDURE (CUSTOMARY UNITS) 
SHEET 2 OF 10 


Service 


Identified 


Non-Hydrocarbon Hydrocarbon 


’ Non-Flashing Flashing 


Sheet 3 Sheet 4 Sheet 5 
Select Type Select Type Select Type 


Sheet 6 
Select Arrangement 


Sheet 7 Sheet 8 Sheet 9 
Select Flush Select Flush Select Flush 
and Quench and Quench and Quench 


Sheet 10 
Select Barrier Fluid, 
lf Required 
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API STANDARD 682 


2000 


RECOMMENDED SEAL SELECTION PROCEDURE 
(CUSTOMARY UNITS) 


SHEET 3 OF 10 


Non-Hydrocarbon Services 


1 2 3 4 5 6 7 8 
Caustic Caustic Acids‘? 
Sour Sour Amines Amines H,SO,, HCL 
Water Water Water Water Water Crystallize  Crystallize H,PO, 
Pumping 
Temp. °C <180 <180 >180 <180 <180 <180 <180 <180 
250 250 
Seal Chamber to to 
Press. (psig) <250 500 <S500 <250 500 <250 250 to 500 <250 
Standard 
Seal Type A A A A A A A A 
Standard B Es? ES® B ES® B ES? B 
Options Cc = —_ Cc = Cc Cc 
Required 
Special 
Features S,p k k k,c kc ks 
Special Features Required Due To Contaminants 
Condition (Mixture 4 < PH < 11) 
Abrasive 
Particulates h h h h h h h h 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard, 
Standard option seals meeting this standard may perform equally well. 


Notes: 

1. Does not cover HF acid. HF and fuming nitric require special engineering between owner and vendor. 
2, ES = Totally engineered sealing system. Consult vendor to ensure special design considerations are 
accounted for. 


Special Features: 

c. Perfluorelastomer for amine service only. 

h. Silicon carbide vs tungsten carbide hardfaces. 
k, Perfluorelastomer. 

p. Circulating device. 

s. Single spring for type A seal. 


LO L228 


Information Handling Services, 


API STDxXbB2 94 MM 0732290 O540327 051) 


SHAFT SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 71 


RECOMMENDED SEAL SELECTION PROCEDURE 
(CUSTOMARY UNITS) 


SHEET 4 OF 10 


Non-Flashing Hydrocarbon 


(Vapor Pressure <14.7 psia at PT) 


1 2 3 4 5 6 7 
Pumping —40 to —40 to 20 to 20 to 300 to 300 to 
Temp.°C -20 -20 300 300 500 500 >500 
250 250 250 
Seal Chamber to to to 
Press. (psia) <250 500 <250 500 <250 500 ALL 
Standard 
Seal Type A A A A Cc ES' ES! 
Standard 
Option #1 B EB? B EB? Be —_ — 
Standard 
Option #2 Cc ES* Cc ES* ES* — —_ 
Required 
Special 
Features b b 
Special Features Required Due To Contaminants 
Condition (Mixture 4 < PH < 11) 
Caustic _— _— k k ae os fore 
Abrasive 
Particulates h h h h h h h 
Aromatics 
and/or H,S —_— —_— k k 
Amines —_ —_ c c _— _— _— 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard. 
Standard option seals meeting this standard may perform equally well. 


Notes: 

1, Totally engineered sealing system 

2. Engineered (high pressure) bellows 

3. Requires special features p, circulating device and k, perfluorelastomer O-rings. 

4. ES = Totally engineered sealing system. Consult vendor to ensure special design considerations are 
accounted for. 


Special Features: 

b. Buna O-rings. 

c. Amine resistant perfluorelastomer. 

h. Silicon carbide vs tungsten carbide hardsurfaces. 
k. Perfluorelastomer O-rings. 

p. Circulating device. 
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RECOMMENDED SEAL SELECTION PROCEDURE 
(CUSTOMARY UNITS) 


Pumping 
Temp.°C 


Seal Chamber 
Press. (kPa) 


Standard 
Seal Type 


Standard 
Option #1 


Standard 
Option #2 


Required 
Special 
Features 


Condition 


Caustic 


Abrasive 
Particulates 
(See Note 1) 


Aromatics 
and/or H,S 


Amines 


Ammonia 


1 


—40 to 


—20 


<250 


2 


—40 to 


-20 


250 
to 
500 


A 


ES'# 


A} 


ES!? 


SHEET 5 OF 10 


Flashing Hydrocarbon 


ES! 


(Vapor Pressure >14.7 psia at PT) 


5 6 7: 
300 to 300 to 
500 500 >500 
250 
to 
<250 500 ALL 
AB ES! Es! 
Es!? _— _— 


Special Features Required Due To Contaminants 


(Mixture 4 < PH < 11) 


k 


Note: This selection procedure chooses a default seal consistent with the default philosophy of this standard. 


Standard option seals meeting this standard may perform equally well. 


Notes: 


1. Totally engineered sealing system 
2. Engineered bellows 
3. Requires special feature p, circulating device above 140°F, and special feature k, perfluorelastomer if PT 


above 300°F. 


Special Features: 


a. NH, resistant carbon. 


b. Buna O-rings. 


c. Amine resistant perfluorelastomer. 


h. Silicon carbide vs tungsten carbide hardsurfaces. 
k. Perfluorelastomer O-rings. 


p. Circulating device. 
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SuHaFT SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 73 


RECOMMENDED SEAL SELECTION PROCEDURE (CUSTOMARY UNITS) 
SHEET 6 OF 10 


SEAL ARRANGEMENT SELECTION 


Hazardous by regulation 
or other local criteria? 


High HS? 


Use single seal with provision 
to mitigate hazard or emission. 
if single seal won’t meet 
requirement, consider dual seal 
or equipment that will. 


Regulated emission rate 
for hydrocarbon? 
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74 API STANDARD 682 


RECOMMENDED SEAL SELECTION PROCEDURE (CUSTOMARY UNITS) 
SHEET 7 OF 10 


Start: Arrangement 1, Single Seal Plan 11 


pea NON-HYDROCARBON 


No 


Start: Arrangement 2, Unpressurized Dual Seal, 
Plan 11 & 52 


Add Yes Vertical? 
Plan 13 (See note) 


Yes 
Sour water? 
SG Solids 


Yes No Alt 
Arrangement 2? Solids? Plan 23? Plan 32 2 x Lig. and 
Pp > 25 PSI 
No 
Plan 32 


Plan 23? 


Start: Arrangement 3, Pressurized Dual Seal, 
Plan 53 or 54 


Vertical? 
(See note) 


15; Yes No No No 
Crystallizing? 3 2 ar) Add 
(Caustic) Arrangement 27 Plan 324 Acid? Plan 62 
No 


Note: Vertical refers to pumps with seal chambers at discharge pressure. 
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RECOMMENDED SEAL SELECTION PROCEDURE (CUSTOMARY UNITS) 
SHEET 8 OF 10 


Start: Arrangement 1, Single Seat Plan 11 


NON-FLASHING HYDROCARBON 


Type AorB 
and T > 300°F? 


Start: Arrangement 3, Pressurized Dual Seal, 
Plan 53 or 54 


Start: Arrangement 2, Unpressurized Dual Seal, 


Plan 11 & 52 
Change to Arrangement 3 
Add Plan 53 or 54 
Alt Change to Plan 32. Vertical? Yes Add 
Remove internal circulating device bea Plan 13 
No 


Yes No Ait 
Solids? Plan 23? 
No Yes 
SG Solids 


2 & Lig. and 
Plan 23? 
No 


Polymerizing? 
No 


Pp > 25 PSI 


Vertical? Add 


pe ; 


PT > 350°F 
or known 
coking service? 


No | Vertical? 


(See note) 
No 
Add 62 Steam 


Arrangement 2? 


Plan 13 


Note: Vertical refers to pumps with seal chambers at discharge pressure. 
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76 API STANDARD 682 


RECOMMENDED SEAL SELECTION PROCEDURE (CUSTOMARY UNITS) 
SHEET 9 OF 10 


Yes 


Type A and —ai——-— Start: Arrangement 1, Single Seal Plan 11 


T < 140°F? . i 
Start: a elle ae wee Dual Seal, FLASHING HYDROCARBON 


Yes 
Type A and 
Start: Arrangement 3, Pressurized Dual Seal, 


Plan 53 or 54 
te Change to Arrangement 3 
Polymerlzingy Add Plan 53 or 54 
No 
Change to Plan 32. adicale Yes Add 
Remove internal circulating device erlCa? Plan 13 
~ 
Yes No Alt 
Solids? Plan 23? Plan 32 


No 


Plan 23? 


Alt 


SG Solids 


2 X Lig. and 
Pp > 25 PSI 


Plan 31 


Vertical? Add 
(See note) Pian 13 
No | Vertical? 
PT > 350°F Yes (See note) 
or known Arrangement 2? Add 62 Steam 
coking service? Yes 
Yes 


Plan 13 


Note: Vertical refers to pumps with seal chambers at discharge pressure. (cow) 
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SuHart SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 77 


RECOMMENDED SEAL SELECTION PROCEDURE 
(CUSTOMARY UNITS) 


SHEET 10 OF 10 


BUFFER/BARRIER FLUID SELECTION 
The following should be considered when selecting a barrier/buffer fluid: 


a. Compatibility of the fluid with the process pumpage being sealed so as not to 
react with or form gels or sludge if leaked into the process fluid or the process fluid 
into the barrier/ouffer fluid. 

b. Compatibility of the fluid with the metallurgy, elastomers, and other materials 
of the seal/flush system construction. 


On pressurized barrier fluid system where the method of pressurization is a gas 
blanket, special attention must be given to the application conditions and barrier 
fluid selection. Gas solubility in a barrier fluid increases with increasing temperature 
and pressure. As pressure is relieved or temperatures cool, the gas is released 
from solution, and may result in foaming and loss of circulation of the barrier fluid. 
This problem is normally seen where higher viscosity barrier fluids, such as lube 
oils, are used at pressures above 150 psig. 

The viscosity of the barrier/buffer fluid should be checked over the entire oper- 
ating temperature range with special attention being given to start up conditions. 
The viscosity should be less than 500 cSt at the minimum temperature to which it 
is exposed. 


a. For services above 50°F, hydrocarbon barrier/buffer fluids having a viscosity 
below 100 cSt at 100°F and between 1 and 10 cSt at 212°F have good experience. 
b. For services below 50°F, hydrocarbon barrier/buffer fluids having a viscosity 
between 5 and 40 cSt at 100°F and between 1 and 10 cSt at 212°F have good 
experience. 

c. For aqueous streams, mixtures of water and ethylene glycol or propylene gly- 
col are usually adequate. Commercially available automotive anti-freeze should 
never be used. The additives in anti-freeze tend to plate out on seal parts and 
cause failure as a result of gel formation. 

d. The fluid should not freeze at the minimum site ambient temperature. 


Fluid volatility and toxicity of the fluid must be such that leakage to the atmo- 
sphere or disposal does not impose an environmental problem. 


a. The fluid should have an initial boiling point at least 50°F above the tempera- 
ture to which it will be exposed. 

b. Have a flash point higher than the service temperature if oxygen is present. 
c. Ethylene glycol may be considered a hazardous material and/or hazardous 
waste when used as a barrier fluid. 


Be able to meet the minimum 3-year continuous seal operation criteria without 
adverse deterioration. It should not form sludge, polymerize, or coke after extended 
use. 


a. For hydrocarbon streams, pariffinic based high purity oils having little or no 
additives for wear/oxidation resistance or synthetic based oils have been used 
successfully. 

b. Anti-wear/oxidation resistant additives in commercial turbine oils have been 
known to plate out on seal faces. 
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B.2 Tutorial Section 
B.2.1 SEAL SELECTION JUSTIFICATION 


B.2.1.1 All seal selections by service were made with the 
following considerations in mind: 


a. Compliance with the API-682 mission statement: “To 
produce a reliable sealing system that has a high probability 
of operating three years of uninterrupted service, meeting or 
exceeding environmental emission regulations.” 

b. Personnel and plant safety in hazardous services. 

c. Minimizing spare parts inventory required for insurance 
stock. 


B.2.1.2 All selections were made using the group experi- 
ence of engineering, purchasing, operating, retro-fitting and 
maintaining mechanical seals in various services and loca- 
tions. The selections were made to ensure that, in our collec- 
tive opinion, the best seal for the service will be installed. 
Surely, a seal not specified by API 682 is operating suc- 
cessfully in a given service somewhere. API 682 does not 
attempt to prevent the selection of other seals. However, if a 
seal not specified by API 682 is chosen, special engineering 
is recommended for successful operation. 

Any seal operating with a seal chamber pressure above 35 
bar (507.5 psia) requires special engineering. Any product 
temperature above 260°C (500°F) also requires special engi- 
neering design considerations. Therefore, the selection cate- 
gories are limited to 35 bar (507.5 psia) and 260°C (500°F) 
for this standard. 


B.2.1.3 The seal references in this document are: 


a. Type A, standard pusher seal. 

b. Type B, standard option for Type A, a non-pusher seal 
with rotating bellows and elastomeric secondary sealing 
elements. 

c. Type C, standard non-pusher seal with stationary bel- 
lows and flexible graphite secondary sealing elements. 


NOTE: The following text applies to Sealing System Selection Process 
Sheet 3 of 10. 


B.2.2 NON-HYDROCARBON SERVICES 


B.2.2.1 Clean Water Below 80°C (176°F) and 
Below 17 Bar (246.5 psia) 
B.2.2.1.1 The standard seal is a Type A standard pusher 


with no special features required. 

B.2.2.1.2 The standard options are either a Type B or 

Type C metal bellows with no special features required. 

B.2.2.2 Clean Water Below 80°C (176°F) and From 
17 Bar (246.5 psia) to 35 Bar (507.5 psia) 


B.2.2.2.1 The standard seal is a Type A standard pusher 
with no special features required. 


B.2.2.2.2 Any seal other than a Type A should be 
specially engineered for high pressure. Seal manufacturers 
rate their bellows for higher pressures than 17 bar (246.5 
psia). The seal manufacturer should be consulted for specific 
performance data above this pressure. 


B.2.2.3 Water Above 80°C (176°F) and Less 
Than 35 Bar (507.5 psia) 


B.2.2.3.1 The standard seal is a Type A pusher with spe- 
cial features. The required features are a single spring seal 
with an internal circulating device to circulate through an 
API-Plan 23 closed loop system. The elastomer configura- 
tion can be either O-ring or “U” cup. 


B.2.2.3.2 The alternate seal is a Type A standard pusher 
with special features to include an internal circulating device 
to circulate through an API-Plan 23 closed loop system. This 
design will also require a close-clearance bushing in the bot- 
tom of the sealing chamber. 

An API Plan 23 flushing arrangement is the most efficient 
way of providing a cool flush to the seal faces. Using an 
internal circulating device to circulate the fluid through a 
closed-loop cooler allows the cooler to continuously cool a 
recirculated stream rather than a continuous hot stream from 
the discharge of the pump (API Plan 21). The cooler now has 
to cool only that fluid in the loop, and the duty cycle is much 
less severe than a Plan 21. 

A survey in one facility revealed that the average temper- 
ature of the inlet flush to the sealing chamber was 50°C 
(122°F). The average pumping temperature of the product 
was 219°C (426.2°F). The idle pump’s average inlet temper- 
ature was 38°C (100.4°F). The idle pumps rely only on the 
thermosyphon through the cooler to cool the fluid. The 
cooler must be mounted per API 682 to ensure proper 
thermosyphoning. 


B.2.2.4 Sour Water Below 80°C (176°F) Up to 
35 Bar (507.5 psia) 


B.2.2.4.1 The standard seal is a Type A standard pusher 
with special features. The elastomers must be changed to 
perfluoroelastomer to resist the H,S, as H,S is generally the 
agent that sours water. 


B.2.2.4.2 The standard option up to 17 bar (246.5 psia) is 
either the Type B or Type C with the special feature of 
perfluoroelastomer for the Type B. 


B.2.2.4.3 The use of Type B or Type C above 17 bar 
(246.5 psia) requires special engineering for the high 
pressure. 

This selection is made to maximize the standardization 
process, as the Type A seal is recommended for all pressure 
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ranges. Sour water may become flashing as the temperature 
and H,S content increases. 


B.2.2.5 Caustic, Amines and Other Crystallizing 
Fluids Below 80°C (176°F) and Below 
35 Bar (507.5 psia) 


B.2.2.5.1. The standard seal is a Type A standard pusher 
with the special feature, of perfluoroelastomer, such as 
Kalrez Compound 1018 in amines. 


B.2.2.5.2 The standard alternate is a Type B metal bel- 
lows seal up to 17 bar (246.5 psia) with perfluoroelastomer, 
such as Kalrez Compound 1018 in amines, 


B.2.2.5.3 The use of Type C seals up to 17 bar (246.5 
psia) with flexible graphite secondaries should be specially 
engineered, as graphite is not recommended for some caustic 
applications. 


B.2.2.5.4 For pressures above 17 bar (246.5 psia) and less 
than 35 bar (507.5 psia), the use of Type B and C metal bel- 
lows seals require special engineering for the high pressure. 

Any application in a crystallizing fluid requires the use of 
a plan 62 quench or a Plan 32 flush to keep the crystals from 
forming on the atmospheric side of the seal. Most facilities 
prohibit a quench from seals unless totally contained. A 
Plan 32 flush arrangement is generally not acceptable as it 
dilutes the product and is sometimes expensive to operate. In 
these conditions a Class 2 dual seal arrangement (un-pressur- 
ized buffer) should be considered, using clean water (or 
other compatible fluid) as a buffer to keep the crystals in 
solution. The same special features apply to the dual seal and 
the single seals. 


B.2.2.6 Acids: Sulfuric, Hydrochloric, Phosphoric 
Less Than 80°C (176°F) and Less Than 
17 Bar (246.5 psia) 


B.2.2.6.1. The standard seal is a Type A standard pusher 
with special features. The special features are a single coil 
spring. 


B.2.2.6.2 The standard option is a Type B or Type C 
using flexible graphite as a secondary in the Type C. 

Due to the thin cross section of multiple coil springs and 
bellows plates, select the most corrosion-resistant material 
for the application. 

Hydrofluoric, fuming nitric, and other acids are not cov- 
ered in this selection. Specially engineered designs between 
the owner and the seal manufacturer should be used. 

Acids over 80°C (176°F) require special engineering. 

Acids over 17 bar (246.5 psia) require special engineering. 


NOTE: The following text applies to Sealing System Selection Process 
Sheet 4 of 10. 


B.2.3  NON-FLASHING HYDROCARBONS 
(VAPOR PRESSURE LESS THAN 1 BAR 
(14.7 PSIA) AT PUMPING TEMPERATURE) 


B.2.3.1 From —40°C (—40°F) to —7°C (+20°F) and 
Below 35 Bar (507.5 psia) 
B.2.3.1.1 The standard seal is a Type A standard pusher 


with the special feature of Buna “N” elastomers for the low 
temperature service. The Buna must also be compatible with 
the pumped fluid. 


B.2.3.1.2 The standard alternate up to 17 bar (246.5 psia) 
is either a Type B with the special feature of Buna “N” elas- 
tomers or a Type C with flexible graphite secondaries. 


B.2.3.1.3 For pressures over 17 bar (246.5 psia) Types B 
and C require engineered bellows designed for the high 
pressure. 

The special feature of Buna “N” elastomers is due to the 
low temperature requirements. The standard elastomer Viton 
is rated at -17.7°C (O°F), but the committee conservatively 
recommends not using Viton below -7°C (+20°F). 


B.2.3.2 From —7°C (+20°F) to 149°C (300°F) and 
Pressures Less Than 35 Bar (507.5 psia) 


B.2,.3.2.1 The standard seal is a Type A standard pusher 
with no special features required. (Check elastomer compat- 
ibility charts for pumped fluid). 


B.2.3.2.2 The standard option up to 17 bar (246.5 psia) is 
a Type B or Type C standard non-pusher. The Type C seal 
should be used with flexible graphite secondaries. 


B.2.3.2.3 The standard alternate above 17 bar (246.5 psia) 
is a Type B or C with engineered bellows for the high 
pressure. 

The standard pusher seal elastomer is Viton, which is 
rated at 204°C (400°F). A pumping temperature of 149°C 
(300°F) is realistic for Viton, as the face friction will gener- 
ate additional heat and raise the temperature the elastomer 
must endure. 


B.2.3.3 From 150°C (302°F) to 260°C (500°F) and 
Below 17 Bar (246.5 psia) 


B.2.3.3.1 The standard seal is a Type C stationary 
non pusher metal bellows seal using flexible graphite for 
secondaries. 


B.2.3.3.2 The standard alternate is a Type A standard 
pusher with special features. The special features are an in- 
ternal circulating device and perfluoroelastomer elastomers 
circulating through an API- Plan 23 closed-loop system in 
accordance with the flush selection diagram. 

The Type C seal is selected as the standard due to the 
temperature range. This is generally the range where coking 
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occurs. The stationary bellows design easily accepts a steam 
baffle for anti-coking protection, whereas a rotating bellows 
does not. 

A Type A seal with an internal circulating device and a 
Plan 23 closed-loop system maintains the product tempera- 
ture below the range where coking occurs. 


B.2.3.4 From 150°C (302°F) to 260°C (500°F) and 
From 17 Bar (246.5 psia) to 35 Bar 
(507.5 psia) 
B.2.3.4.1 A totally engineered sealing system is required 
for hot high pressure services. 


B.2.3.4.2 Any pumping temperature above 260°C 
(500°F), regardless of the pressure, should have a totally 
engineered sealing system. 


NOTE: The following text applies to Sealing System Selection Process 
Sheet 5 of 10. 


B.2.4 FLASHING HYDROCARBONS 


B.2.4.1 From —40°C (—40°F) to -7°C (+20°F) and 
Pressure Below 35 Bar (507.5 psia) 
B.2.4.1.1 The standard seal is a Type A standard pusher 


with special features. The special feature is a Buna “N” elas- 
tomer. Ensure Buna is compatible with the pumped fluid. 


B.2.4.1.2 The standard alternate is an engineered sealing 
system with an engineered metal bellows for the flashing 
service. 

Metal bellows seals in flashing service are prone to fatigue 
failure induced by ‘“‘stick-slip” when marginal vapor suppres- 
sion occurs. If metal bellows are desired, the seal should be 
a totally engineered sealing system with special attention to 
vapor suppression under all operating conditions of the 
pump, such as start up, shut down, and plant upsets. 


B.2.4.2 From —7°C (+20°F) to 260°C (500°F) and 
Pressure Less Than 35 Bar (507.5 psia) 


B.2.4.2.1 The standard seal is a Type A standard pusher 
with special features to maintain adequate vapor suppres- 
sion. If the temperature is above 60°C (140°F), an internal 
circulating device and plan 23 closed-loop system should be 
used. If the temperature is above 149°C (300°F), perfluoroe- 
lastomer elastomer should be used. 


B.2.4.2.2 The standard alternate is a totally engineered 
sealing system with an engineered metal bellows. 

Vapor suppression by cooling is always preferred over 
pressurization. Therefore, a Type A seal with internal circu- 
lating device and plan 23 closed-loop system is selected 
when the temperature is above 60°C (140°F). The 60°C 
(140°F) limit is based on the cooling water temperature in 
the hot months, where little cooling of a product below 60°C 


(140°F) will occur. Various locations may choose a higher or 
lower limit based on the maximum cooling water tempera- 
ture in that specific location. 


B.2.4.3 From 149°C (300°F) to 260°C (500°F) and 
Pressure From 17 Bar (246.5 psia) To 
35 Bar (507.5 psia) 


B.2.4.3.1 The seal should be a totally engineered sealing 
system for these parameters. 


B.2.4.3.2 From 260°C (500°F) and up regardless of the 
pressure, the seal should be a totally engineered sealing 
system, 


NOTE: The following text applies to Sealing System Selection Process 
Sheet 6 of 10. 


B.3 Tutorial Seal Selection 


B.3.1 The first selection determines whether there are any 
regulations effective at the site of the equipment which re- 
quire specific hardware. This hardware could include low- 
emission single seal or dual seals. The question is intended 
to alert the user of the potential, which the user must inves- 
tigate, that specific designs might be required. 


B.3.2 The second question alerts the user to examine the 
pumped stream to determine if any local regulations apply. 
These regulations might deem the stream hazardous and re- 
quire specific methods of control or limits of exposure on 
emissions. Seal designs must then employ the required hard- 
ware or be designed to meet the required emission limit. 

If the investigation shows no specific hardware or controls 
are required, but the stream is deemed hazardous, API 682 
will recommend an arrangement 2 unpressurized dual seal 
on a proactive measure. 


B.3.3 The third stream addresses rich (in H,S) amine 
streams to highlight the need for control beyond a single seal 
without external flush. The highlight is needed because spec- 
ifications often overlook the need for added control mea- 
sures on this stream. 


B.3.4 The final question is similar to question 2, except it 
addresses federal and local emission regulations for VOC 
and VHAP services. The intent again is to alert the user to 
address any requirements for streams in VOC or VHAP 
service. 


B.4 Tutorial on Sheets 7 through 9 of 
Seal Selection Procedure 


To aid in understanding the logic behind the flow/decision 
charts in Sheets 7 through 9 of the seal selection procedure, 
the following descriptions of the prescribed seal flush plans 
are given. 
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B.4.1 API PLAN 11 


Plan 11 is the default seal flush plan for all single seals. In 
API Plan 11, product is routed from the pump discharge to 
the seal chamber to provide cooling for the seal and to vent 
air or vapors from the seal chamber. It is the most commonly 
used flush plan for clean general service equipment. For 
high-head applications, careful consideration should be 
given to calculation of the required flush flow rate. Calcula- 
tions are required to determine the proper orifice and throat 
bushing dimensions to assure adequate seal flush flow. 


B.4.2 API PLAN 13 


Plan 13 is the standard flush plan selection for vertical 
pumps. These pumps normally are arranged so that the seal 
sees full discharge pressure. Due to this arrangement there is 
no pressure differential to allow a Plan 11 to work. In API 
Plan 13, product is routed from the seal chamber back to the 
pump suction to provide cooling for the seal and to vent air 
or vapors from the seal chamber. Plan 13 is also used in 
high-head pumps where the use of Plan 11 would require too 
small an orifice or would produce too high a flush flow rate. 
This plan will generally not work well in low-head pumps 
because of the low pressure differential between the seal 
chamber and the pump suction. The suitability of the service 
for Plan 13 can be determined by calculating the required 
flush flow rate and then calculating the required orifice size. 


B.4.3 API PLAN 23 


Plan 23 is the plan of choice for all hot water services, par- 
ticularly boiler feed water, and many hydrocarbon services. 
This plan is the standard selection for hot water 80°C 
(180°F) and above and boiler feed water. Hot water has very 
low lubricity above 80°C (180°F) resulting in high seal face 
wear. This plan is also desirable in many hydrocarbon and 
chemical services where it is necessary to cool the fluid to 
establish the required margin between fluid vapor pressure 
(at the seal chamber temperature) and seal chamber pressure. 
In a Plan 23, the cooler only removes seal face-generated 
heat plus heat soak from the process. This duty is usually 
much less than that in a Plan 21 or 22. 

Lessening the duty is very desirable because it extends the 
life of the cooler. The industry has considerable negative 
experience with Plan 21 and Plan 22 because of cooler 
plugging. 

In API Plan 23, product in the seal chamber is isolated 
from that in the impeller area of the pump by a throat 
bushing. The seal is equipped with an internal circulating 
device that circulates seal chamber fluid through a cooler 
and back to the seal chamber. In this arrangement the cooler 
only cools that fluid in which the seal operates and this cool 
fluid does not enter the process. This results in high energy 
efficiency. 


High freeze point and viscous products must be consid- 
ered when selecting a Plan 23 Flush System. The cooler may 
cool the fluid below the point of circulation. In these appli- 
cations, consider using steam as a cooling medium or utilize 
a Plan 21 System. 


B.4.4 AP! PLAN 31 


Plan 31 is specified only for services containing solids 
with a specific gravity twice or more that of the process 
fluid. A typical use of this plan is water service to remove 
sand or pipe slag. In API Plan 31, product is routed from the 
discharge of the pump into a cyclone separator. Solid parti- 
cles are centrifuged from the stream and routed back to suc- 
tion. The seal flush is routed from the cyclone separator into 
the flush connection on the seal plate. 

Throat bushings are required when a Plan 31 is specified. 


B.4.5 API PLAN 32 


Plan 32 is used in services containing solids or contami- 
nants where a suitable cleaner or cooler external flush will 
improve the seal environment. It is also used to reduce flash- 
ing or air intrusion (in vacuum services) across the seal faces 
by providing a flush that has a lower vapor pressure or that 
will raise the seal chamber pressure to an acceptable level. 
The external flush must be continuous and reliable even dur- 
ing non-standard situations such as start up or shutdown. The 
external flush must also be compatible with the process 
stream. 

In API Plan 32, the flushing product is brought from an 
external source to the seal. This plan is almost always used 
in conjunction with a close-clearance throat bushing. The 
bushing can function as a throttling device to maintain an el- 
evated pressure in the stuffing box or as a barrier to isolate 
the pumped product from the seal chamber. 

Plan 32 is not recommended for cooling only, as the 
energy costs can be very high. Product degradation costs also 
must be considered when using a Plan 32. 


B.4.6 API PLAN 52 


Plan 52 or arrangement 2 unpressurized dual seal systems 
are used in services where no leakage to atmosphere can be 
tolerated. A Plan 52 system consists of dual mechanical seals 
with a buffer fluid between them. The buffer fluid is con- 
tained in a seal pot which is vented to a vent system, thus 
maintaining the buffer fluid pressure close to atmospheric. 
Inner seal leakage will be product leakage into the buffer 
fluid. There will always be some leakage. 

Plan 52 works best with clean, non-polymerizing products 
which have a vapor pressure higher than the buffer fluid 
pressure. These products will flash in the seal pot and the 
vapor can escape to the vent system. If the product has a 
vapor pressure lower than the buffer fluid or seal pot 
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pressure, the leakage will remain a liquid and will contami- 
nate the buffer fluid. 

Should an inner seal leak not be detected early, the heavier 
process fluid will displace the buffer fluid and can result in 
the area between the two seals being completely filled with 
product, In that case, an outer seal leak can result in product 
being released to the atmosphere. 

Plan 52 is discouraged for dirty or polymerizing products 
as well. Plan 53 should be considered as an alternative for 
these situations. 


B.4.7 API PLAN 53 


Plan 53 or arrangement 3 pressurized dual seal systems 
are used in services where no leakage to atmosphere can be 
tolerated. A Plan 53 system consists of dual mechanical seals 
with a barrier fluid between them. The barrier fluid is con- 
tained in a seal pot which is pressurized to a higher pressure 
(usually 20-25 PSID) than the pump seal chamber. Inner seal 
leakage will be barrier fluid leakage into the product. There 
will always be some leakage. 

Plan 53 is usually chosen over Plan 52 for dirty, abrasive, 
or polymerizing products which would either damage the 
seal faces or cause problems with the buffer fluid system if 
Plan 52 were used. There are two disadvantages to Plan 53 
which must be considered. There will always be some leak- 
age of barrier fluid into the product. Normally, this leakage 
will be minute, and the leakage rate can be monitored by 
monitoring the seal pot level. However, the product must be 
able to accommodate a small amount of contamination 
from the barrier fluid. Second, a Plan 53 system is depen- 
dent on having the seal pot pressure maintained at the 
proper level. If the seal pot pressure drops, the system will 
begin to operate like a Plan 52, or unpressurized dual seal, 
which does not offer the same level of sealing integrity. 
Specifically, the inner seal leakage direction will be 


reversed and the barrier fluid will, over time, become con- 
taminated with the process fluid with the problems that re- 
sult, including possible seal failure. 


B.4.8 API PLAN 54 


Plan 54 systems are also pressurized dual seal systems 
with inner seal leakage into the pumped product. In a Plan 
34, a cool clean product from an external source is supplied 
to the seal as a barrier fluid. The supply pressure of this 
product is 20 or more PSID greater than the pressure the in- 
ner seal is sealing against. This results in a small leakage of 
barrier fluid into the process. This arrangement should never 
be used where the barrier fluid pressure is less than the 
sealed pressure. If it were, the failure of one inner seal could 
contaminate the entire barrier fluid system and cause addi- 
tional seal failures. 

Plan 54 is often used in services where the pumped fluid 
is hot, contaminated with solids, or both. When Plan 54 is 
specified, carefully consider the reliability of the barrier fluid 
source. When the source is interrupted or contaminated, the 
resulting seal failures have been very expensive. A properly 
engineered barrier fluid system is typically complex and 
often expensive. Where these systems are properly engi- 
neered, they provide among the most reliable systems. 


B.4.9 API PLAN 62 


In API Plan 62, a quench stream is brought from an exter- 
nal source to the atmospheric side of the seal faces. The 
quench stream can be low-pressure steam, nitrogen, or clean 
water. It is used in selected single seal applications to ex- 
clude the presence of oxygen to prevent coke formation (for 
example, hot hydrocarbon services) and to flush away unde- 
sirable material buildup around the dynamic seal compo- 
nents (for example, caustic and salt services). 
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APPENDIX C—STANDARD FLUSH PLANS AND AUXILIARY 
HARDWARE 


NOTE: This appendix contains drawings of standard flush plans and auxiliary hardware which have historically 
been used in industry. While not all of these plans are recommended or referenced in this standard, they may have 
applications in special cases with purchaser approval. 

The drawing on the left reflects the overall piping and instrumentation schematic of the plan. The drawing on 
the right reflects only the seal chamber details. Instrumentation shown in the drawings is always an option. 
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PLAN 01 SEAL CHAMBER FOR PLAN 01 
Notes: 
V = vent, 
T= inlet. 


Q/D = quench/drain. 
Integral (internal) recirculation from pump discharge to seal. Recommended for clean pumpage only. Care must 
be taken to ensure that integral recirculation is sufficient to maintain stable face conditions. 


Figure C-1— Standard Seal Flush Plan 1 
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CI/CO = cooling inlet/cooling outlet. 
Dead-ended seal chamber with no circulation of flushed fluid. 


Figure C-2— Standard Seai Flush Plan 2 
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PLAN 11 SEAL CHAMBER FOR PLAN 11 
Notes: 
F = flush. 


Recirculation from pump discharge through a flow control orifice to the seal. The flow enters the seal chamber 
adjacent to the mechanical seal faces, flushes the faces and flows across the seal back into the pump. 


Figure C-3— Standard Seal Flush Plan 11 
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PLAN 12 SEAL CHAMBER FOR PLAN 12 


Note: Recirculation from pump discharge through a strainer and flow control orifice to the seal. This plan is similar 
to Plan 11 but with the addition of the strainer to remove occasional particles. Strainers are not normally 
recommended because blockages could cause seal failure. 


Figure C-4— Standard Seal Flush Plan 12 
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To pump suction x«—_ 


PLAN 13 SEAL CHAMBER FOR PLAN 13 


Note: Recirculation from the seal chamber through a flow control orifice and back to the pump suction. 


Figure C-5——-Standard Seal Flush Plan 13 
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PLAN 21 SEAL CHAMBER FOR PLAN 21 


Note: Recirculation from the pump discharge through a flow control orifice and a cooler, then into the seal chamber. 


Figure C-6—Standard Seal Flush Plan 21 
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PLAN 22 SEAL CHAMBER FOR PLAN 22 


Note: Recirculation from the pump discharge through a strainer, a flow control orifice, and a cooler and into the 
seal chamber. Strainers are not normally recommended because blockages could cause seal failure. 


Figure C-7—Standard Seal Flush Plan 22 
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PLAN 23 SEAL CHAMBER FOR PLAN 23 
Notes: 
FO = flush outlet. 
FI = flush intet. 
Recirculation from a pumping ring in the seal chamber through a cooler and back to the seal chamber. This plan 
can be used on hot applications to minimize heat load on the cooler by cooling only the small amount of liquid 
that is recirculated. 
Figure C-8— Standard Seal Flush Plan 23 
COPYRIGHT 2000 American Petroleum Institute Information Handling Services, 


Febuary 04, 2000 10:17:28 


API STD*bée 94 MM 0732290 OS40344 1350 a 


88 API STanparb 682 
From pump 
discharge 
To pump 
suction 
| v 
a FE Q/D 
1 
I 
PLAN 31 SEAL CHAMBER FOR PLAN 31 


Note: Recirculation from pump discharge through a cyclone separator delivering the clean fluid to the seal 
chamber. The solids are delivered to the pump suction line. 


Figure C-9— Standard Seal Flush Plan 31 
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PLAN 32 SEAL CHAMBER FOR PLAN 32 
Note: Flush is injected into the seal chamber from an external source. Care must be exercised in choosing a proper 


source of seal flush to eliminate the potential for vaporization of the injected fluid and to avoid contamination of 
the fluid being pumped with the injected flush. 


Figure C-10—Standard Seai Flush Plan 32 
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From pump 
discharge 
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PLAN 41 SEAL CHAMBER FOR PLAN 41 


Note: Recirculation from pump discharge through a cyclone separator delivering the clean fluid to a cooler and 
then to the seal chamber. The solids are delivered to the pump suction line. 


Figure C-11—Standard Seal Flush Plan 41 
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SEAL CHAMBER FOR PLAN 51 


PLAN 51 


Notes: 
QI = quench inlet. 


QO = quench outlet. 
External reservoir providing a dead-ended blanket of fluid to the quench connection of the gland. 


Figure C-12— Standard Seal Flush Plan 51 
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PLAN 52 SEAL CHAMBER FOR PLAN 52 
Notes: 
BI = barrier/buffer inlet. 
BO = barrier/buffer outlet. 
PS = pressure switch. 
PI = pressure indicator. 
FI = flow indicator. 
External reservoir providing buffer fluid for the outer seal of an unpressurized dual seal arrangement. During 
normal operation, circulation is maintained by an internal pumping ring. The reservoir is usually continuously 
vented to a vapor recovery system and is maintained at a pressure less than the pressure in the seal chamber. 
Figure C-13—Standard Seal Flush Plan 52 
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PLAN 53 SEAL CHAMBER FOR PLAN 53 
Note: Pressurized external barrier fluid reservoir supplying clean fluid to the seal chamber. Circulation is by an 
internal pumping ring. Reservoir pressure is greater than the process pressure being sealed. Typically used with 
an arrangement 3 pressurized dual seal. 
Figure C-14— Standard Seal Flush Plan 53 
COPYRIGHT 2000 American Petroleum Institute Information Handling Services, 


Febuary 04, 2000 10:17:28 


API STDxb82 94 MM 0732290 OS40347 94T mm 


SHAFT SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 91 
‘Geceiniiaieiniader | External source 
aa gay a 
i | , | 
——_, F BI BO 
! Fem 
mot 1 onan 
Hho H BO 
nif I s 
ut i i 
wt Hi 1 
gil I | 
I H 
Bi” 
PLAN 54 SEAL CHAMBER FOR PLAN 54 


Note: Pressurized external barrier fluid reservoir or system supplying clean fluid to the seal chamber. Circulation 
is by an external pump or pressure system. Reservoir pressure is greater than the process pressure being sealed. 
Typically used with an arrangement 3 pressurized dual seal. 


Figure C-15—Standard Seal Flush Plan 54 
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Note: Tapped Connections for the Purchaser’s Use. Typically this plan is used when the purchaser is to provide 
fluid (such as steam, gas or water) to an auxiliary sealing device. 


Figure C-16—Standard Seal Flush Plan 61 


COPYRIGHT 2000 American Petroleum Institute Information Handling Services, 
Febuary 04, 2000 10:17:28 


API STDxb4e2 94 MM 0732290 OS40348 886 


92 API STANDARD 682 


1 

1 

i 

| ! 

ees ae F Q/D 


PLAN 62 SEAL CHAMBER FOR PLAN 62 


Note: External source providing a quench. The quench may be required to prevent solids from accumulating on 
the atmospheric side of the seal. Typically used with a close-clearance throttle bushing. 


Figure C-17—Standard Seal Flush Plan 62 
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SECTION A-A 


PI = pressure indicator. 
PSH = pressure switch high. 


Figure C-18— Standard External Barrier/Buffer Fluid Reservoir 
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Notes: 

1. Refer to data sheet for component definition. 
2. Dot-dash indicates supplied when specified. 
3. Dimensions shown are in millimeters (inches). 


Figure C-19— Standard Alternate External Barrier/Buffer Fluid Reservoir 
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Process 
fluid Shell vent 


vent Cooling 


liquid 
outlet 


Cooling 
liquid 
inlet 


Heat exchanger 


Outlet 
from seal 


Outlet 


— 450to600 —>» 
(18.00 to 24.00) 


, Inlet 


Inlet 
Gland to seal to séal 
Gland Process fluid 
low point 
FOR FOR drain 
VERTICAL HORIZONTAL 
APPLICATIONS APPLICATIONS 


4, All lines shall slope up from the gland to the heat exchanger at a mini- 


Notes: 
1. Cooling liquid is on the shell side. Process fluid is on the tube side. mum of 40 millimeters per meter (0.5 inches per foot). 
§. The reservoir should be located as close to the pump as possible while leav- 


2, The cooler arrangement shall provide drainage for both cooling liquid and 
ing sufficient room for operation and maintenance. It should not be located di- 


process fluids. 
3. For tubing, use smooth, long-radius bends. For piping, minimize the use rectly above the pump. Hot lines should be insulated as necessary for safety. 
6. Dimensions are in millimeters (inches). 


of 90° elbows, although 45° elbows may be used. 
Figure C-20—Typical Installation of a Plan 23 Circulation System 
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/ ® TI 
Flanged | et 
orifice Bas L Hy Fa 
Ls 


~=— Reservoir 


Sight flow 


| 


75 (3.00) MIN. 


1 


t 
50 (2.00) MIN.? 


150 (6.00) MIN.P 


50 (2.00) MIN“ 


250 (10.00) MIN. 


50 (2.00) MIN. 
! 
J 
Return Cooling Ge Cooling 
Outlet from seal liquid liquid 
from seal Nqui taut 
inlet outlet 
oe 
es a 
re Inlet 
to seal Supply 
Gland Gland to seal 
FOR FOR 
VERTICAL HORIZONTAL 
APPLICATIONS APPLICATIONS 
Notes: 
1. For tubing use smooth, long-radius bends. For piping, minimize the use of 90° elbows, although 45° elbows 
may be used. 


2000 


2. All lines shall slope up from the gland to the reservoir at a minimum of 40 millimeters per meter (0.5 inches 
per foot). 

3. The reservoir should be located as close to the pump as possible while leaving sufficient room for operation and 
maintenance. It should not be located directly above the pump. Hot lines should be insulated as necessary for safety. 
4. Dimensions shown are in millimeters (inches). 

*High level alarm. 

’Normal liquid level. 

*Low level alarm. 


Figure C-21—Typical Installation of Barrier/Buffer Fluid Reservoir 
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APPENDIX D—STANDARD SEAL CODE DESIGNATIONS 


Table D-1— Standard Seal Features 


Code Seal Type Features 


A Pusher 1. Rotating flexible element, multiple springs, O-ring secondaries. 

. Reaction-bonded silicon carbide versus premium-grade, blister-resistant carbon. 
. Fluoroelastomer O-rings. 

. Hastelloy C springs. 

. Type 316 SS sleeve, gland, retainer, and other metal parts. 

. Premium carbon floating bushing in gland. 


B Metal Bellows . Rotating flexible element, O-ring secondaries. 

. Reaction-bonded silicon carbide versus premium-grade, blister-resistant carbon. 
. Fluoroelastomer O-rings. 

. Hastelloy C bellows. 

. Type 316 SS sleeve, gland, and other metal parts. 


. Premium carbon floating bushing in gland. 


Cc Metal Bellows . Stationary flexible element, flexible graphite secondaries. 

. Reaction-bonded silicon carbide versus premium-grade, blister-resistant carbon. 
. Flexible graphite secondaries. 

. Inconel 718 bellows. 

. Type 316 SS sleeve, gland, and other metal parts. 

. Premium carbon floating bushing in gland. 


. Bronze anti-coking baffle. 


SAMABRWNR ANSWDY EH KHAUuhwWh 


Table D-2— Special Features Codes 


ie) 
Q 
a 
® 


Option 


Ammonia-resistant carbon 

Buna-N 

Amine-resistant perfluoroelastomer (Kalrez 1018) 
Two hard faces, silicon carbide versus tungsten carbide 
Perfluoroelastomer 

Internal circulating device 

Single spring 


AVALIAW > 


Notes: 

1. Seal codes always begin with an A, B, or C designating one of the standard seals. 

2. This letter may be followed by one or two special features codes. 

3. Not all special features can be used together. For example the special feature code A cannot be used with the 
special feature code H, two hard faces. 

4. Special feature codes are arranged in alphabetical order following the standard seal code. 


Table D-3— Seal Code Examples 


Code Meaning 
APS A standard Type A pusher seal except with a single spring and a pumping device 
BK A standard Type B bellows seal with perfluorelastomer O-rings 
CH A standard Type C bellows seal with silicon carbide versus tungsten carbide faces 
97 
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Table D-4—-Sample Single Seal Code 


oa eee 


Seal Special API “R” for Seal Size: Inch Seals in hundredths, 
Type Features Flush Plan Rotating or (for example t-'/,” is 125). 
Code Codes “S” for Metric seals in centimeters, 

2-letters Stationary (for example a 60 mm seal is 6). 
Example: 


APS/23/R/200 = A 2 inch, rotating, single spring pusher seal with a pumping device and a plan 23 flush. 


A PS / 23 / R / 200 
Pusher Internal Circ. API Flush Plan Rotating Seal Size = 2” 
Seal Device Plan 23 
Single Spring 


Note: A seal with two flush plans (such as a vertical with a Plan 32 and a Plan 13), would repeat the flush code 
with a hyphen (same format as used for dual seals). 


Table D-5—Sample Dual Seal Code 


on foes! cee he S 


ty) pane aA SN aie 


Inner Special Outer Special Inner Outer Inner Seal Outer Seal Inner Outer 

Seal Feature Seal Feature Seal Seal Rotating Rotating Seal Seal 

Code Codes Type Codes Flush Flush or or Size Size 
Code Plan Plan Stationary Stationary 


Example; 

A-AP/11-52/R-R/200-175 = An arrangement 2 unpressurized dual pusher seal. The inner seal has no special fea- 
tures; the outer seal, a pumping device. The inner seal is cooled by a plan 11 and the buffer fluid circulates by 
means of a plan 52. Both seals rotate. The inner seal is a 2 inch and the outer seal is a 1-*/, inch. 


A - AP /11 - 52 / R = R / 200-175 
Inner Outer Inner Outer Inner Outer Inner Outer 
Pusher Pusher Seal Seal Seal Seal Seal Seal 
Seal, Seal, Flush Flush Rotating Rotating Size Size 

No internal Plan Plan 2 17,” 
Special circ. 11 52 

Features Device 
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APPENDIX E—HEAT GENERATION AND HEAT SOAK CALCULATIONS 


E.1 


While the calculation of the heat generated by a mechan- 
ical seal appears to be a simple matter, several assumptions 
must be made which introduce potentially large variations in 
the results. Two variables that are particularly suspect are K, 
the pressure drop coefficient, and f, the effective coefficient 
of friction. 

K is a number between 0.0 and 1.0 which represents the 
pressure drop as the sealed fluid migrates across the seal 
faces. For flat seal faces (parallel fluid film) and a non-flash- 
ing fluid, K is approximately equal to 0.5. For convex seal 
faces (converging fluid film) or flashing fluids, K is greater 
than 0.5. For concave seal faces (diverging fluid film), K is 
less than 0.5. Physically, K is the factor which is used to 
quantify the amount of differential pressure across the seal 
faces which is transmitted into opening forces. The opening 
force is equal to the area times differential pressure times K: 


() 


For practical purposes, K varies between 0.5 and 0.8. As 
a standard practice for non-flashing fluids though, a value of 
0.5 is selected for K. Although K is known to vary depending 
upon seal fluid properties (including multi-phase properties) 
and film characteristics (including thickness and coning), 
this value is selected as a benchmark for consistent calcula- 
tion. The engineer must be aware that this assumption has 
been made. 

The effective coefficient of dynamic friction, f, is a figure 
that is similar to the standard coefficient term that most en- 
gineers are familiar with. The standard coefficient of friction 
term is used to represent the ratio of parallel forces to normal 
forces. This is normally applied to the interaction between 
two relatively moving surfaces. These surfaces may be of the 
same material or different material. 

In a mechanical seal, the two relatively moving surfaces 
are the seal faces. If the seal faces were operating dry, it 
would be a simple matter to determine the coefficient of fric- 
tion. In actual operation, the seal faces will be operating un- 
der various lubrication regimes and various types of friction 
will be present. 

If there is significant asperity contact, fis highly depen- 
dent on the materials and less dependent on the fluid viscos- 
ity. If there is a very thin fluid film (only a few molecules 
thick), friction may depend upon interaction between the 
fluid and the seal faces. With a full fluid film, these is no me- 
chanical contact between the faces and fis solely a function 
of viscous shear in the fluid film. All of these types of fric- 
tion may be present at the same time on the same seal face. 

An effective coefficient of friction is used to represent the 
gross effects of the interaction between the two sliding faces 
and the fluid film. Actual testing has shown that normal seals 


Estimating of Seal-Generated Heat 


Fooenmg = Area X Differential Pressure X K 
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will operate with f between about 0.01 to 0.18. For normal 
seal applications we have selected a value of 0.07 for f. This 
is reasonably accurate for most water and medium hydrocar- 
bon applications. Viscous fluids (such as oils) will have a 
higher value while less viscous fluids (such as LPG of light 
hydrocarbons) can have a lower value. 

The combination of the assumption of K and the assump- 
tion of f can lead to a significant deviation between calcu- 
lated heat generation results and actual results. Therefore, the 
engineer must keep in mind that these calculations are useful 
only as an order of magnitude approximation of the expected 
results. These results must never be stated as a guarantee of 
performance. 


Calculation Method 
Required Inputs: 


OD = Seal face contact outer diameter (in inches). 
ID = Seal face contact inner diameter (in inches). 
BD = Effective seal balance diameter (in inches). 
F., = Spring force at working length (in pounds). 
D,, = Pressure across the seal face (in pounds per square 
inch). 
N = Face rotational speed (in revolutions per minute). 
f= Coefficient of friction (assume 0.07). 
K = Pressure drop coefficient (assume 0.5). 


Formula 


Face Area (in square inches): 


a 2 2 
A=|]—|x(OD°-ID 2 
eee) @ 
Seal Balance: 
OD*— BD* 
B=, (3) 
OD*-1D* 
Spring Pressure (in pounds per square inch): 
F, 
ae (4) 
Total face pressure (in pounds per square inch): 
P,,=D, xX (B-K) +P, (5) 
Mean Face Diameter (in inches): 
MD = (OD + ID) (6) 
2 
Running Torque (in inches * pounds): 
RT= Pa XAX fx (7) 
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Starting Torque (in inches X pounds) estimated at 
3 to 5 times Running Torque: 


ST=RT X 4 (8) 
Power (HP): 
Hp = (REXN) (9) 
63,000 


Generated heat (in BTUs per hour): 
Qreat = HP X 2545 (10) 


Example of Calculation 
Application 


Fluid: Water 
Pressure: 250 psig 
Speed: 3550 RPM 


Inputs: 
OD=2.426 in. 
ID= 1.926 in, 
BD= 2.062 in. 
F.,= 42 Ibs. 
D,= 250 psi 
N= 3550 rpm 
j= 0.07 
K= 0.5 
2 2 
Az FO S28 OO) 4760 in? (2) 
4 (2.426° —1.926*) 
peers 2 
= ae oie) -0.75] 3) 
(2.426° — 1,926°) 
42 
P= —— = 24.6 psi 4 
? 1,709 f - 


Pig = 250 X (0.751 — 0.50) + 24.6 = 87.4 psi (5) 


MD = aa = 2.178 in. (6) 
RT = 87.4x1.709 x 0.07 x oe =11.4 in.xIbs. (7) 
ST=11.4 X 4=45.6in. X Ibs. (8) 
Hips CIS RISE es eS 
63,000 
Oven = 0.64 X 2545 = 1629 btu/hr. (10) 


COPYRIGHT 2000 American Petroleum Institute 
Febuary 04, 2000 10:17:28 


E.2 Temperature Rise in the Seal 
Chamber 


The steady state temperature of the fluid in the seal cham- 
ber is a function of a simple thermodynamic balance. The 
heat flow into the stuffing box fluid minus the heat flow out 
of the stuffing box yields a net heat flow. The fluid temper- 
ature will either increase or decrease depending upon 
whether the net heat flow is positive or negative. This is de- 
ceptively simple. In actual applications, the heat flows into 
and out of the seal chamber fluids are extremely complex. 

There are several sources of heat flow into the fluid. 
These include heat generated due to friction and fluid shear 
at the seal faces, heat generated due to windage (or turbu- 
lence) caused by the rotating seal components, and heat con- 
ducted from the pump through the stuffing box and shaft (or 
positive heat soak). There are also several sources of heat 
flow out of the stuffing box. These include heat conducted 
back into the pump through the stuffing box or shaft (or 
negative heat soak) and heat lost to the atmosphere through 
convection and radiation. 

In some cases, assumptions can be made which sim- 
plify the model. For example, consider a single seal with 
an API piping plan 11, 12, 13, or 31. With these piping 
plans, the fluid injected into the stuffing box will be at 
pump temperature and heat soak can be ignored. Unless 
the pump is at a very high temperature, heat loss to the at- 
mosphere can also be ignored. Except in the case of large 
seals at high speeds, heat generation due to windage is 
usually insignificant and can be ignored. The increase in 
temperature can then be calculated if the following vari- 
ables are known : 


QO eatnea = Heat generation at the seal faces (btu/hr.) 
Q,,, = Injection flow rate (gpm) 
SG = Specific gravity of the injected fluid at pump 
temperature 
C = Specific heat of the injected fluid at pump 
temperature (btu/lbs. °F) 


The differential temperature, dT (in degrees F), can be 
calculated by the following formula: 


T= Qyeatheat a 1) 
500 SGQ,_C 


In applications that use an API piping plan 21, 22, 32, or 
41, the fluid injected into the stuffing box may be at a signif- 
icantly lower temperature then the pump temperature. If this 
is the case, there can be a significant heat flow or heat soak 
into the stuffing box from the pump. The calculation of heat 
soak is a complex matter, requiring detailed analysis or test- 
ing and a thorough knowledge of the specific pump con- 
struction and pumped product properties. If this data is not 
available, the heat soak [Q,.tsoa, (btu/hr.)] can be estimated 
by the equation: 
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Occ = UXAXSX dT (12) 
Where: 


U = a material property coefficient. 
A = heat transfer area. 
S = seal size, in inches. 
dT = (pump temperature — desired seal chamber tempera- 
ture), in °F 


A typical value for UA which can be used for estimating 
purposes with stainless steel sleeve and gland construction 
and steel pump construction is 12. This value will generally 
provide a conservative estimate of heat soak. 


Example of estimation of Qheasoax: 


UA = 12 
S = 2.062 (seal balance diameter) 
350°F = pump temperature 
150°F = desired seal chamber temperature 
aT = 350°F — 150°F = 200°F 
Oneatsoak = 12 X 2.062 * 200 = 5000 btu/hr. 


If the heat soak is known, the temperature rise (aT, in 
degrees F) can be calculated by the following equation: 


dT = O etiea + Qesesoaie qd 3) 
500 SGQ,C 


In the previous equations, the temperature rise is the 
average temperature rise of the fluid in the stuffing box. 
Within the stuffing box, there will be areas that are much 
hotter and much cooler than the sealing chamber fluid tem- 
perature. An efficient seal injection is required to ensure that 
the area around the seal face is effectively cooled. For exam- 
ple, the injection should be directed at the sealing interface 
or multiport injection may be used. 

In some applications, it is necessary to specify the amount 
of injection required to maintain the stuffing box temperature 
below a certain level. In this case, the maximum allowable 
temperature rise would be calculated by subtracting the max- 
imum allowable temperature in the stuffing box from the in- 
jection temperature. For good seal performance, the 
maximum temperature rise should be maintained at 5°F to 
10°F. It is then a simple matter of rearranging the equations 
11, 12, and 13 to solve for the injection flow rate. 

For an API piping plan 11, 12, 13, or 31, the equation 
would be: 


Qveatheat 


©... 500 SG dFC 


(14) 
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For an API piping plan 21, 22, 32, or 41, the equation 
would be: 


3) A Queatheat + Qreatsoak ad 5) 


Pa 500 SG aTC 


The temperature rise used in these calculations is the seal- 
ing chamber temperature rise. The temperature rise at the 
seal faces will be greater than the chamber temperature rise. 
If equations 14 and 15 are used to calculate a minimum flow 
rate based on sealing chamber temperature, the seal faces 
may overheat and perform poorly. A design factor of at least 
two should be applied to the flow rate. The injection must 
also be directed at the seal interface to ensure proper cooling. 


Example of Calculation of dT: 
Given: 


Oveatheat = 3000 btu/hr. 


Q;, = 3 gpm 
SG = 0.75 
C = 0.55 btu/lbs. °F 
Formula: 
Tz 3000 (13) 
500 x 0.75 x 3.0 x 0.55 
= 4.8°F. 
Example of Calculation of Q,,,: 
Given: 
Qyeathear = 3000 btu/hr. 
Max aT = 10°F 
SG = 0.90 
C = 0.62 btu/lbs. °F 
Formula: 
3000 
Q (15) 


5000.90 x 10 x 0.62 
= 1.08 gpm. 


With a design factor of two, the minimum injection flow 
rate should be 2.2 GPM. 
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APPENDIX F—TABLE OF MATERIALS AND MATERIAL DESCRIPTIONS 


Table F-1—Typical Descriptions of Miscellaneous Materials 
for Mechanical Seal Parts 


Material Typical Description 

Alloy 20 ASTM B 473, UNS N08020 (wrought) 
ASTM A 744, Grade CN-7M, UNS J95150 (cast) 
Ftuoroelastomer (FKM) DuPont Viton or equal 
Flexible Graphite Union Carbide Grafoil or equal 
Gasket Spiral wound stainless steel with graphite or equal filler 

Low Carbon Nickel- Hastelloy (Cabot Corp.) Alloy C-276: 
Molybdenum-Chromium Alloy ASTM B 564, UNS N10276 (forgings) 


ASTM B 574, UNS N10276 (bar & rod) 
ASTM B 575, UNS N1i0276 (plate, sheet & strip) 
ASTM A 494, Grade CW-12MW (weldable cast) 


Nickel-Copper Alloy Monei (Huntington Alloys) Alloy 400: 
ASTM B 564, UNS N04400 (forgings) 
ASTM B 164, Class A, UNS N04400 (bar & rod) 
ASTM B 127, UNS N04400 (plate, sheet & strip) 
ASTM A 494, Grade M30C (weldable cast) 


Ni-resist ASTM A 436, Type 1, 2, or 3, UNS F41000/F41002/F4 1004 
respectively (austenitic cast iron); 
ASTM A 439, Type D2, UNS F43000 (austenitic ductile iron) 


Nitrile B.F. Goodrich Hycar, Buna-N, or equal 
Perfluoroelastomer (FFKM) ASTM D 1418, such as DuPont Kalrez, or equal 
Precipitation-Hardening Inconel (Huntington Alloys) Alloy 718: 
Nickel Alloy ASTM B 637, UNS NO7718 (forgings and bars) 
ASTM B 670, UNS N07718 (plate, sheet and strip) 
Precipitation-hardening ASTM A 564, Grade 630, UNS $17400 
Stainless Steel or Grade 631, UNS 17700 (wrought) 


ASTM A 747, Grade CB7Cu-1, UNS J92180 (cast) 


Note: For more information, consult API Standard 610, 7th Edition, Table F-3; ASTM Standards Volume 
02,04—91; and Metals and Alloys in the Unified Numbering System, SAE HS J1086 APR86, ASME DS-56 C, 


Fourth Edition. 
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Table F-2—ASTM Material Specifications for Mechanical Seal Parts 


Pressure-Containing 


Material Castings Wrought Forgings Bar Stock Bolts and Studs 
Carbon Steel ASTM A 216, ASTM A 105, ASTM A 576 
Grade WCA, UNS K03505 Grade 1015, —_—— 
UNS J02502 or or ASTM A 576 UNS G10150 
Grade WCB, 
UNS J03002 
12% Chrome ASTM A 217, ASTM A 182, ASTM A 276, ASTM A 193, 
Steel Grade CA15 Grade F6, Type 410, Grade B6, 
UNS J91150 or UNS K91151 or UNS $41000 or UNS $41000 
ASTM A 487 Grade F6NM, Type 416, 
Grade CA6NM, UNS 841500 UNS S41610 
UNS J91540 
Austenitic ASTM A 351, ASTM A182 ASTM A 276 ASTM A 193 
Stainless Steel! Grade CF8, 
UNS J92600 or 
Grade CF3, 
UNS J92500 
Type 316 ASTM A 351, ASTM A 182, ASTM A 276, ASTM A 193, 
Stainless Steel Grade CF8M, Grade F316, Type 316, Grade B8M, 
UNS J92900 or UNS S31600 or UNS $31600 or UNS S31600 
Grade CF3M, Grade F316L, Type 316L, 
UNS J92800 UNS S$31603 UNS $31603 


Notes: 


1, Austenitic stainless steels include Standard Types 302, 303, 304, 316, 316L, 321, and 347. If a particular type 
is desired, the purchaser will so state. 

2. For more information, consult API 610, 7th Edition, Table H-2; ASTM Standard Volumes 1.01/.02/.03/.05-91; 
and Metals and Alloys in the Unified Numbering System, SAE HS J1086 APR86, ASME DS-56 C, Fourth 


Edition. 


Table F-3—Typical Temperature Limitations for 
Seal Materials in Hydrocarbon Service 


Face Material 


Maximum Temperature °C (°F) 


Tungsten Carbide 400 (750) 
Silicon Carbide (solid) 425 (800) 
Carbon-graphite: 
Oxidizing 275 (525) 
Non-oxidizing 425 (800) 


Note: Based on DuPont standard U1S (Table 3). 


Table F-4—Typical Temperature Limitation Guidelines for Secondary Seal 
Materials in Hydrocarbon Service 


Ambient or Pumping Temperature °C (°F) 


Material Minimum Maximum 
Fluoroelastomer (FKM): 
Hydrocarbon Service -7 (20) 150 (300) 
Water based Service —7 (20) 120 (250) 
Perfluoroelastomer (FFKM) —7 (20) 290 (550) 
Nitrile (BUNA-N) -40 (40) 120 (250) 
Flexible Graphite -240 (—400) 480 (900) 
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APPENDIX H—INSPECTOR CHECKLIST 


COMMENT: Items in the body of API Standard 682 which require manufacturer confirmation, verification, or 
supply of some form of data are listed in this appendix. If the main body does not require some verification or data, 
then it is not listed in this appendix. 


The following checklist includes three levels of inspection: 


a. Level 1 is typically used for pumps in general refinery services. 

b. Level 2 comprises performance and material requirements and is more stringent than 
Level 1. 

c. Level 3 should be considered for pumps in critical services. 
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INSPECTOR CHECKLIST 
Standard 682 Date Inspected 

Item Reference Inspected By Status 
Level 1—Basic 
Seal ratings 2.2.1 
Certified hydrotest 

gland 6.3.2.1 

seal chamber 6.3.2.1 

piping 6.3.2.1 

tubing 6.3.2.1 

coolers 6.3.2.1 

barrier/buffer reservoir 6.3.2.1 
Gland taps marked 2.3.15 
Seal chamber pressure data 2.3.9 
Aux piping flow diagram 4.1.4 
Tags attached to coolers 4.2.3.2 
Tags attached to orifices 4.5.2.1.2 
Cade stamp (if specified) 

Seal Chamber 

Gland 

Barrier/Buffer Reservoir 45.4.2 
Barrier/Buffer reservoir tag 4.5.4.5 
Job seal air test tag 6.3.3.2 
manufacturer data included 7.3.1 

7.4.1 

Relief valves listed/data 5.8.1 
Failure cause if leakage 6.3.5.3.1 


Level 2—Special, Add to Level 1 


Carbon material offered 3.2.3 
Seal generated heat/soak 2.2.2 
Confirmed thrust effect 2.2.3 2 
Thermal growth confirmation 2.2.4 
Performance of circulator 4.6.2.1 
Shipment method 6.3.5.2.2.1 
Items tagged/marked 6.4.3.8 
Aux piping connections tagged 6.4.5 
Level 3—Special, Add to Levels 1 and 2 
Welding procedures approved 2.7.1 
Repair procedures approved 2.7.2 
Wrought material inspections 2.7.4 
Connection welding procedures 2.7.5.4 
Piping meets ASME B31.3 4.1.6 
Flanges meet ANSI B16.5 4.1.8 
Welding procedures approved 4.1.17 
Plugs meet ANSI B16.114 2.3.16 
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INSPECTOR CHECKLIST—continued 


Witnessed hydrotest 


Date 
Inspected 


Inspected 
By 


piping 


barrier/butfer reservoir 
Radiographic test results 


6.3.2.1 
6.3.2.1 


6.3.2.1 
6.3.2.1 


6.2.2.2 


6.2.2.3 


6.2.2.4 


2a 


Qualification test results 6.3.1.41 
Sign Inspector List 
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APPENDIX I—MECHANICAL SEAL VENDOR DRAWING 
AND DATA REQUIREMENTS 


This appendix consists of a sample distribution record (schedule), followed by a repre- 
sentative description of the items that are presented numerically in the schedule. 
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MECHANICAL SEAL JOB NO. ITEM NO. 
VENDOR DRAWING AND PURCHASE ORDER NO. DATE 
DATA REQUIREMENTS REQUISITION NO. DATE 


INQUIRY NO. DATE 
page. st CFC 
FOR REVISION 
SITE 


UNIT SS SSS aaa» 


SERVICE NO. REQUIRED __ 


Proposal® Bidder shall furnish copies of data for all items indicated by an X. 


Vendor shall furnish copies and 


transparencies of drawings and data indicated. 


Vendor shall furnish 
Vendor shall furnish 


copies and transparencies of drawings and data indicated. 
operating and maintenance manuals. 


Final—Received from vendor 


DISTRIBUTION Final—Due from vendor® 
RECORD Review— Returned to vendor 
Review—Received from vendor 
Raview— Due from vendor® 
DESCRIPTION 


2. Cross sectional drawing of all seals (modified typical). rf 
3. Schematic of any auxiliary system (or systems) including utility requirements. i alles 


4. Electrical and instrumentation schematics and arrangement/connections. 
aa 5. Seal manufacturer qualification test results, if specified. 
6. Detailed cross sectional drawing of all seals (specific, not typical). 


9. Material Safety Data Sheets on alt paints, preservatives, and chemicais. ) | | 


10. Installation, operation, and maintenance manuals. ) | | 


ry 8. Detailed bill of material on all seals and auxiliary systems. 


4Proposal drawings and data do not have to be certified or as built. Typical data shall be clearly identified as such. 
bpurchaser will indicate in this column the time frame for submission of materials using the nomenclature given at the and of this form. 
Bidder shall complete these two columns to reflect his actual distribution schedule and include this form with his proposal. 


NN eT eee 


Notes: 
1. Send all drawings and data to 


feet Se gS 

2. All drawings and data must show project, appropriation, purchase order, and 
item numbers in addition to the plant location and unit. In addition to the copies 
specified above, one set of the drawings/instructions necessary for field instal- 
lation must be forwarded with the shipment. 


Nomenclature: 
S— number of weeks prior to shipment. 
F—number of weeks after firm order. 
D— number of weeks after receipt of approved drawings. 


Vendor a  — 


Date Vendor Reference 
Signature 


(Signature acknowledges receipt of ail instructions) 
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SHAFT SEALING SYSTEMS FOR CENTRIFUGAL AND ROTARY PUMPS 117 


i i i a eS Eee 


DESCRIPTION 


1. API Standard 682 Data Sheets— including all manufacturer input items 
completed. 


2. Cross section drawing of all seals (modified typical), including: 
a. Overall dimensions. 
b. Component and material list. 


3. Schematic of auxiliary systems, including: 
a. Utility requirements. 
b. Fluid flows. 
c. Pressures. 
d. Pipe, tubing, and fitting sizes. 
e. Instrumentation. 
f. Alarm and shutdown setpoints. 
g. Orifice sizes. 
h. Relief valve setpoints. 


4. Electrical and instrumentation schematics, including: 
Bill of material. 

Connection diagram. 

Logic diagram. 

Alarm and shutdown setpoints. 

Connection diagram. 

Wiring diagram for any panel. 


~oaoop 


5. Qualification test results, including all items as specified in 5.3.2.3.2. 


Detailed job-specific cross section drawing of seal, including: 
a. Overall and installation dimensions. 
b. Setpoint dimensions. 

c. Material list. 

d. Flush inlet provisions. 

e. Gland, pilot and bolting dimensions. 
f. Torque values for installation. 


7. Detailed cross section drawing of barrier/buffer fluid reservoir, including: 
Overall dimensions. 

Mounting provisions. 

Flange and connector sizes and location. 

Bill of material. 

Design pressure and temperature. 

Hydrotest pressure. 

Instrumentation. 

Instrument set points. 


sa -oaOT® 


8. Detailed bill of material for all seals and auxiliary systems, including: 
a. List of components. 
b. Material of components. 
c. Component material designation (ASTM, ANSI, and API-682 code desig- 
nation). 
d. Number of each component. 


9. Material Safety Data Sheets in compliance with existing regulations describ- 
ing all paints, preservatives, coatings, and other chemicais applied to the 
finished product seal. 
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Sa ene 


10. Installation, operation, and maintenance manuals including the following 

sections: 

a. Installation including storage, installation, and seal setting. 

b. Operation including start-up and routine operating procedures. 

c. Disassembly, assembly, and repair procedures. 

d. Performance data such as air test leakage, expected emission rate, circu- 
lating device head versus flow, and expected wear rate. 

e. Drawings and data including cross section drawing of seal, barrier/buffer 
fluid reservoir, and other components. Bills of material, schematic flow 
diagrams, electrical schematics, and wiring diagrams. 
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APPENDIX J—PURCHASER CHECKLIST 


This checklist can be used to help select the purchaser’s specific requirements when this 
standard indicates that: 


a. A decision is required (bulleted items). 
or 
b. The standard provides “unless otherwise specified” options. 


The checklist must be used in conjunction with the data sheets (Appendix A). The pur- 
chaser should circle yes or no, mark the appropriate space ‘with an X, or fill in the 
requirements. The requirement should also be entered at the appropriate place on the data 
sheet. 
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PURCHASER CHECKLIST 


Paragraph 


Basic Design 


Item 


Is the standard pusher seal (rotating springs) 
or standard option (stationary spring) required? 


Is the standard non-pusher type seal (stationary metal 
bellows) or standard option (rotating metal bellows) 
required? 


Is the standard tandem arrangement (rotating flexible 
elements) or standard option (stationary flexible 
elements) required? 


Circle the type of seal chamber required 


Are cap screws permitted for attaching the gland? 


Is a close-clearance, floating throat bushing required? 


OTS = 


Decision 


Standard 
Standard Option 


Standard 
Standard Option 


Standard 
Standard Option 
Neither, single seal 


Traditional 
Externally mounted 
Internally Mounted 


Should two flush connections on the gland be provided? 


Is a non-sparking floating throttle bushing required 
for dual seals? 
2.3.1 Should shaft sleeves be ELIMINATED or changed? Yes No 
2.3.10.3 Should the shaft sleeve be fixed by a split ring? Yes No 
2.3.17 Should ‘/, inch NPT gland connections be used? Yes No 
2.5.1 eeeuaolent spring or multiple spring pusher seal Yes No 
Should an elastomer O-ring be used for the static seal? Yes No 
2.6.1 Should provision for a seal quench be provided? Yes No 
2.7.3 Should non-ASME welding be performed in accordance Yes No 
with AWS? 
2.7.5.4 Shall proposed connection designs be purchaser Yes No 


approved? 


Are special low-temperature materials or specifications 
required? State on data sheet. 


Are changes to materials needed? Specify on data 
sheet. 


The material of the mating ring should be sintered alpha 
silicon carbide instead of reaction bonded. 


The tungsten carbide binder should be 
instead of nickel. 


3.6.1 The elastomer material should be 


The retainer material should be 
instead of AISI 316 SS. 


The spring material should be 
instead of Hastelloy C. 


instead of fluoroelastomer. 


Instead of perfluoroelastomers, 
should be used where fluoroelastomers are not viable. 


Instead of flexible graphite, 


The sleeve material should be 
instead of AISI 316 SS. Yes NS 


should be used where elastomers can’t be used. 
Instead of Type 316 SS, 


should be used except for alloy pumps. 
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PURCHASER CHECKLIST—continued 


3.7.2 Instead of premium carbon graphite, Yes No 
should be used for the throttle bushing. 


3.7.4 Instead of the listed gland to seal chamber sealing 
materials, use the following: 


less than 300°F. Add to data sheet 
over 300°F. 
Instead of the standard materials, the metal bellows 
material shall be: 
Type B seals: Add to data sheet 
Type C seals: 
3.9.1 The drive pins, anti-rotation pin, and set screws 
shall be Add to data sheet 
instead of Alloy 20. 
3.10.1 Instead of series 300 stainless steel use the following 
material for the seal chamber material. Add to data sheet 


Auxiliary Piping Systems 


For new installations, = 
shall furnish the auxiliary piping instead of the pump Yes No 
manufacturer. 


4.1.3.2 For retrofit installations, 
shall furnish the auxiliary piping instead of the seal Yes No 
manufacturer. 


11 Is seamless tubing to be used instead of pipe? 


4.1.14 Additional piping material specifications are included on Yes No 
on the data sheet notes. 
4.1.15 Chloride ievel is above 10 parts per million. 
An external quench is required using. 


of steel pipe. 
446 


Cyclone materials shall be 

instead of 300 series Stainless Steel. 
Orifices shall be other than specified in API 682. 

State requirements: Add to data sheet 


Use an orifice nipple instead of an orifice plate. 
Cooling water shall be on the tube side and flush fluid Yes No 
shall be on the shell side (Non-standard). 
Tubes shall be 
instead of 300 series SS, */,-inch, 0.095 wall. 
4.5.4.2 Circle the type of barrier fluid reservoir. Standard 
Standard Alternate 


Instead of 8 inch schedule 40 pipe, use the following 
material for reservoir fabrication: Yes No 


4.5.4.4 Is an ASME code stamp required on barrier fluid Yes No 
reservoir? 

45.4.8 Instead of 316L stainless steel, the barrier reservoir Yes No 
shall be made of: j 
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PURCHASER CHECKLIST—continued 


4.5.4.9 Lines connecting the barrier reservoir to the seal 
shall be: 


3/, inch 300 series stainless steel tubing minimum Yes No 
3/, inch 300 series stainless steel pipe, schd 80. Yes No 
4.5.4.12.1 The reservoir volume shall be Yes No 
instead of the standard 5 gallon minimum. 
4.5.4.12.2 The minimum ratio of vapor space to liquid volume Yes No 
shall be instead of 1. 
4.5.4.12.3 The low level alarm point shail be a minimum of 
inches above the top the return Yes No 
connection instead of the standard 2 inches. 
4.5.4.12.4 The normal liquid level shall be at least Yes No 
inches above the LLA instead of the standard 6 inches. 
4.5.4.12.5 The high level alarm shail be at least Yes No 
inches above the NLL instead of the standard 2 inches. 
4.5.4.12.6 The seal supply outlet shall be at least 
inches above the reservoir bottom instead of the Yes No 
standard 2 inches. 
4.5.4.12.7 The seal flush return line (inlet) to the reservoir shall be 
at least inches above the outlet Yes No 
instead of the standard 10 inches. 
4.5.4.12.8 Circle the type of level gauge required. Standard (Weld Pad) 
Alternate (Removable) 
4.5.4.13 Instead of the standard,mounting provisions mounting 
Yes No 
shall be ‘ 
4,5.4.14 Independent high point vent and fill are NOT required. Yes No 
Reservoir cooling tubes shall be 
ee Yes No 
instead of the standard */,-inch 0.065 minimum wall. 
4,5.4.17 Instead of the standard pressure switch and pressure 
gauge, the reservoir shall have Yes No 
Pressure switches shall activate upon which direction Rising 
of pressure change? Falling 
4.5.5.1 A review of the purchaser’s barrier/buffer fluid Seal Mfgr 
selection is requested from: Pump Mfgr 
4.6.1 What type of circulating device is required? Internal Pump 
External Pump 
Other 
4.5.5.1 A review of the purchaser's flush fluid selection is Seal Mfgr 
requested trom: Pump Mfgr 
Instrumentation | 


Instrumentation shall be suitable for installation in the 


following environment instead of thstandard outdoor 


Temperature gauges shail be installed in: Piping only 
Tubing Only 
No preference 


Liquid filled or dampened gauges are required. 


Instead of open to alarm and close to trip, switches 
shall close to alarm and open to trip. 


Pressure switches shall be 
instead of bellow or diaghragm type. 


Yes No 
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PURCHASER CHECKLIST—continued 


§.5.3.1 Level switches shall be the 
type. 
An external level gauge is required. 
5.8.2 Relief valves other than steel bodies are permitted. 
5.8.3 Thermal relief valves are required on isolatable 
equipment. 


Inspection and Testing 


6.2.1.2 The following parts shall be inspected by the 
method(s) indicated: 


Enter the inspection acceptance criteria 


6.2.3.2 The following parts shall be inspected 


for hardness by the agreed upon method: 


6.3.1.2 Additional qualification testing is required as 


follows: 


2 
ibd 
DS) 


Decision 


Yes No 


Yes 
Yes No 
es 


t 
o 


¥ 


z 
ro) 


Enter on 
Data Sheet 


Yes No 


Yes No 


Should test faces be used for the pump performance 
test instead of the job faces? 


6.3.5.2.1.1 


Yes No 


Should a test seal (instead of the job seal) be used 
during the pump performance test? 


Enter participation in inspection and testing 
on data sheet 


6.3.6.2.2.1 


6.1.4 


Compliance must be indicated on Inspector 
Checklist by: 


The equipment shall be prepared for shipment 
as follows: 
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APPENDIX K—ELECTRONIC DATA BASE 


(Reserved for future use) 
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